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PREFACE 



This book has been planned especially to meet the needs of the second 
and third year students who are studying drawing in the Department 
of Mechanical Engineering at the Massachusetts Institute of Technology. 
The authors hope, however, that the material is of such a nature and is 
presented in such a way that it will partly fill the need which has always 
existed of a. book devoted especially to machine drawing, suitable for 
use in technical schools and as a reference book for practical draftsmen. 

It is not an elementary text book of mechanical drawing, but rather 
a treatise on the application of mechanical drawing to the describing 
or designing of machinery. 

The assumption is made that the reader is already familiar with the 
use of drawing tools and has some knowledge of the principles of pro- 
jections. 

The aim in the preparation of the book has been as follows: First, to 
give a correct concqition of the character and purpose of a working 
drawing. Second, to suggest the relation between a pictorial drawing 
of an object and its orthographic projections in such a way that the 
student will naturally fall into the habit of forming a mental picture of 
a piece when he sees its orthographic projections, and vice versa. Third, 
to illustrate good modem practise in methods of representation, dimen- 
sioning, drafting room systems and the like and to call attention to some 
of the points to be considered in connection with these matters. Fourth, 
to suggest the method of attacking some of the problems in design or 
investigation which the draftsman so often meets. Fifth, to explain 
briefly, from the standpoint of the engineer rather than the architect 
or artist, a few of the common methods of pictorial r^resentation, 
particularly mechanical perspective. 

Thanks are due to a large number of manufacturers and engineers who 
have responded to requests for information. Acknowledgment is also 
made of the assistance rendered by the authors' associates at the Institute 
who have contributed much in the way of criticism and suggestion. 

W. H. J. 

M. C. M. 
Boston, September, 1913. 
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INTRODUCTION 

A working drawii^ of ao object is a drawing which is intended to 
convey from one person to another certain information regarding that 
object. In this book we are dealing especially with working drawii^ 
of machinery. Such drawings may be divided into two groups: — 
General Drawings and Detail Drawings. 

General Drawings give information more or less complete according 
to the necessities of the case about the machine as a whole, or some 
mechanism in the machine. They may be divided into the following 
groups: — Assembly Drawings, Outline Drawings, Design Drawings, 
Diagrammatic Drawings and Lay-out Drawings, lliese will be dis- 
cussed in detail in the proper place. 

Detail Drawings describe the individual pieces that make up the 
machine so that they may be constructed from the drawings. Such a 
drawing must first of all convey to the mind of the workman a clear and 
definite idea of the exact form of every part of the piece. Next, it must 
furnish complete and reliable dimensions. The dimensions should be 
the ones that would actually be used in constructing the piece and 
should be so placed on the drawing that they can be readily found and 
interpreted. Having conveyed to the workman's mind a conception 
of the form and size of the piece, the drawing must furnish all necessary 
information as to the material of which the piece is to be constructed 
and how it is to be finished. 

In practice a draftsman may have the work come to him in either one 
of two ways; first, he may be reqiured to make drawings of a machine 
which is aheady in existence and for which there are no drawings avail- 
able, and second, his task may be that of making the drawings for a 
machine which is being designed, either making a complete design 
himself, or working up the drawings from a design made or at least out- 
lined by some one else. In either case, the drawii^ will be divided into 
the two classes already mentioned, namely, the General Drawings and 
the Detail Drawings. The same rules govern the work whether the 
drawing is from an existing machine or a design. The exact order of 
[miceduie, however, necessarily differs in the two cases and the niunber 
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and kind of general drawings nude by the de^gner may be difFeient 
from the ones made to describe an existing machine. 

Whatever the purpose of the drawing, the information given on it 
must be presented in such shape that the workman, or whoever is to 
use it, can understand it quickly and with certainty. To be of any 
value, therefore, a drawing must be clear, reliable, and complete enough 
to fulfil its purpose. The draftsman must aim first of all to produce a 
drawing which will conform to these requirements. A secondary con- 
sideration, but one of importance, is the cost of producing the drawii^ 
itself. The most efficient draftsman is the one who can make the best 
drawing in the least time. The word "best" must here be understood 
as referring not primarily to the workmanship of the drawing, but to 
the qualities jiist mentioned. Yet some attention must be given to the 
worlcmanship. A well-executed drawing is desirable in the same way 
that good penmanship is dearable in lettpr writing. Poor execution 
makes a drawing difficult to read. In some cases the workmanship is 
of great importance. For general purposes, however, a good, clear-cut, 
btisiness-like appearance is to be desired. 

If we look upon a working drawing as a business letter from one man 
to another, we can readily see that there must be certain general prin- 
ciples and usages which are common to all drawings in the same way 
that there are general principles and usages common to all business 
letters of the ordinary kind. In addition to these, each drafting room 
has its own particular methods and rules in matters of detail just as a 
business office does in its line. These methods conform to the principles 
covering all drawings, being merely that particular drafting room's 
way of adapting the rules to the requirements of its own special business. 
Furthermore, the personality of each individual draftsman, or at any 
rate each chief draftsman, is bound to enter in to some extent. The 
result of this is that every drafting room must have a system of its own 
based on certain broad general rules. No rule should be conadered as 
absolutely inflexible, for sometimes the drawing can be made to best 
serve its purpose by makii^ it an exception to the rule. When such a 
condition arises, the drawing should show plainly that it does break the 
accepted rules and in what respect. 

Before one can learn to write a business letter, he must leam the 
language in which the letter is to be written. Similarly, before attempt- 
ing the study of the several classes of general drawings and detail draw- 
ings, one must be familiar with the draftman's language; that is, he must 
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understand the fundamental principles of rqjres^tation and the usual 
ways of conveying information by means of a drawing. Chapters I, 
II and III are intended to set forth these fundiunental princ^les and 
usages, and chapters IV to VIII show thar application to the work of 
describing or deagning machinery. 

The pictorial drawing given in chapter IX may be considered as 
auxiliary to the usual work of the draftsman. 
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CHAPTER I 
GENERAL PRINCIPLES 

When one looks at an object he usually sees two or three sides at the 
same time thus getting at once a mental conception of its shape and 
nature. A drawing representing the object exactly or approximately 
as seen under these conditions is called a perspective drawing or per- 
spective view. Such a view may be sketched freehand, judging distances 
and proportions by eye, and in a general way su^esting the appearance 
of the piece; or it may be mechanically constructed, all proportions being 
accurately measured. If a perspective drawing is looked at with the 
eye in the proper posi^on relative to the drawing, the observer receives 
practically the same impression as to form and size that he would when 
looking at the piece itself. 

There are certain other kinds of drawings which in a sense are modi- 
fications of perspective but which are much eader to draw and which 
can be easily measured with a scale. These drawings are frequently 
referred to as axonometric drawings. The most common are Isometric 
Drawings, Oblique Projections, and Cabinet Drawings. 

Figs. 1, 2, 3 and 4 are drawings of the same piece and show the differ- 
ence in appearance of the four different kinds of drawings above men- 
tioned. Fig. 1 is a perspective drawing, Fig. 2 an isometric drawing, 
Fig. 3 an oblique projection, and Fig. 4 a cabinet drawing. These and 
various other ' ' pictorial ' ' representations have their place in an engineer's 
work, and will be discussed more fully in a later chapter. Considerable 
labor is involved in making a drawing of a complicated piece by any one 
of the above methods, and it is difficult to show details con^letely and 
accurately. 



WORKING DRAWINGS OF MACHINERY 





























H 






















V 



For these reasons another 
method is used for ordinary 
work, the "one view" represen- 
tations above mentioned being 
employed for making clear de- 
tails not easily shown by the 
common methods, or for showing 
objects so that they may be 
quickly understood by a person 
who has not the time to study 
out an ordinary drawing, or by 
some one not accustomed to 
reading drawings. 

Fundamental Idea of Projec- 
tion. Fig. 5 is an orthographic 
projection drawing of the piece 
shown in Figs, i to 4. Machine 
drawii^s are usually made in 
orth<^aphic projection as this 
is by far the easiest way to rep- 
resent a machine or machine 
part. It is, therefore, important 
that the student acquire at the 
outset facility in "thinking" 
projfection drawings. When 
looking at an object he should 
be able to quickly picture in 
his min d how the projections 
of that object would appear. 
Conversely when he sees the 
several projection views of a 
piece his mind should have the 
power of so associating those 
views with each other that the 
result would be a mental picture 
of the piece. 

Figs. 6 and 7 illustrate the 
fundamental prindples of ortho- 
graphic projection. In Fig. 6 
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the object is represented as located in the ai^le formed by two 
transparent planes V and H which intersect at 90 degrees. The drafts- 
man is supposed to look squarely at the object through each of the 
planes in turn, drawing on each plane the lines of the object as they 
appear when seen through 
that plane. Another way of 
,c:^^^^^j*,^|^;;*— .^^ f stating the same idea is to say 
^ ("TTi |^„— -^ \ that from the end of every 
line on the object, perpendic- 




ulars are dropped to the various planes and the drawing is made by 
joining the points thus found. The drawing resulting on the plane V 
is called the elevation; that on the plane E, the plan. When the two 
views are completed, the plane H is supposed to swing up about the 
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comer or until it comes into the same plane with V. A person 
looking perpendicular to V would then see the two original planes with 
their respective views as they are 
shown in F^. 7. 

In Fig. 8 the same object is repre- 
sented as located in an ai^le formed 
by three transparent planes, F, H 
and £, each of which intersects the 
other two at angles of 90 degrees like 
three adjacent sides of a box. The 
views on planes Y and B. are the 
same as in Fig. 6. A third view is 
obtained by drawing on the plane E 
^°- ^°- the object as it appears when looked 

at through that plane. The plane B 
is then swung up about or as before 
and the plane E is swung out about ot 
until it also comes into the same plane 
with V. Fig. 9 shows the three planes 
flattened out in this way. The draw- 
ing on F is now called the front 
elevation; that on H, the plan, and 
that on £, an end or side elevation. 

This discussion is to be understood 
merely as illustrating the principle, 




front Ehktifton 



R/'ghf ^/e^ifion 



for the draftsman's paper is of course one plane surface and he has to 
ima^e one part of it as representing plane Y, the part above that the 
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plane E, etc. Then as he draws on the different parts which are 
si^posed to r^resent the different planes, he may ima^e the position of 
the eye to be changed each time so as to see the proper side of the object. 
ReUtive Location of Views. It is to be noted that the above method 
of considering the drawing brings the various views in the following 
positions with relation to each other: — Treating the front elevation as 
the principal view, the plan is directly above it, the left elevation at the 
left, and the right elevation at the right. If other views were required 




rront ^tei^/ai Ri^hf C/ek'Cff/on 

Fig. 13 

a view of the bottom would be beneath the front elevation, a rear view 
would be placed at the right of the right elevation or at the left of the 
left elevation. If this arrangement of views is adhered to strictly, it is 
possible to identify the views without having them marked. Many 
drafting rooms, however, mark the views so that there can be no ques- 
tion as to what each view represents. 

F^. 10 is a perspective view of a small casting and Fig. 11 a projection 
drawing of the same piece. By adding to Fig. 11 the dimensions which 
would be necessary to construct the piece, and other necessary data as 
to material, finish, etc., this would become a complete detail drawii^. 
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Projection PUmes Not at Right Angles. While the above is the 
basis for the practice of showing pieces in orthographic projection, some 
modifications are occasionally necessary. One important variation 
which is not uncommon is the practice of showing the projection on 
planes not at right angles to each other. This is particularly common 
in the case of partial views, which will be considered later. 

Selection of Views. In deciding how many and what views of an 
object to make, the draftsman must use his judgment as no fixed rule 
can be given. In general, it is safe to say that those views should be 
made which most clearly show the object, being sure that enough views 
are made, but, on the other hand, avoiding superfluous views. 

Partial Views. Oftentimes a certain nimiber of views, as for example 
three, will completely show all parts of a piece except some small detail 
which requires an additional view. In such a case the additional view 
may be a partial view. In Fig. 13 the front and right elevations and 
plan show all that is necessary to be shown concerning the form of the 
piece drawn in perspective in Fig. 12, except the boss at .il . To show this 
fully a view from the left is needed. A left elevation of the whole 
piece would not give any more information than is already given in the 
other three views. Accordingly a left elevation of the boss alone is 
shown. 

In the case of a very complicated piece a number of these partial views 
may well be shown, thus making every detail clear and yet avoiding the 
labor and confusion of a large number 
of complete views. As was suggested 
earlier in the chapter, the partial view 
is often made at an angle oblique with 
the principal view or views. (See 
Fio. 14. pig_ i_^_ also Fig 2j_) 

In^sible Parts. Referring again to Fig. 11 it will be noticed that 
certain lines are dotted, that is, the lines instead of being continuous 
are made up of short dashes or dots. These are the "invisible lines." 
To make this clearer, let us take a simpler piece such as that shown in 
Figs, 15 and 16, Fig. 16 being the projections of the piece shown in F^. 15, 

The groove A , which appears in the front elevation as part of a rec- 
tangle cannot be seen at all when the piece is looked at from above. 
Consequently it cannot appear in full lines in the plan view. It is, 
however, necessary that the groove be shown in the plan. Therefore 
the dotted lines cd and ef are put in to represent respectively the left- 
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hand and right-hand sides of the groove. Sunilarly in the right eleva- 
tion, the dotted Une mn represents the upper surface of the groove A 
and in the front elevation the dotted line kg represents the lower con- 
tour of the semicircular groove B. 

Practice varies as to the number of dotted lines shown on a piece. 
On detail drawings it is customary to put in practically all of the invis- 
ible lines. On a complicated piece this may make the drawing look 
confusing, but if the dotted lines are put in neatly and made finer than 
the full lines, they will not obscure the main outlines and they may 




front E/eyafion R/gM £/ei^//on 



enable one to study out complicated details with greater ease and cer- 
tainty than would otherwise be possible. On an assembly drawing only 
such dotted lines are put in as are necessary to make the drawing serve 
its purpose. 

Sections. While the dotting in of all invisible lines results in complete 
projections of a given piece, the dotted lines alone may not render the 
construction of the interior of a compUcated piece entirely clear. For 
example, a castii^ may be of irregular shape and be cored out, with 
various stiffening ribs. A sufficient number of views, with all the in- 
visible parts dotted in each view, would make it posdble for a person 
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to undCTstaiul the drawing after considerable time had been ^pent m 
studying it. Nevertheless, the confusion of dotted lines mi^t make the 
process very difficult. The drawing would be much easier to read if 
some of the views were sectional views. 

A sectional view may be defined as a projection drawing of that por- 
tion of the piece remaining after it has been cut by a plane parallel to 
the projection plane, the part of the piece between the cutting plane 
and the draftsman's eye having been removed. Figs. 17 and 18 illustrate 
the sectioning of a simple piece. Fig. 17 con^sts of an elevation and 
bottom view of the piston of a gasoline engine with the in^e lines dotted. 




Fig. 17. Flo. 18. 

In Fig. 18 the same piston is shown with the elevation made in section, 
llie cutting plane is the plane whose horizontal trace is the line AB. 
In this particular case, since the piece is not especially complicated the 
two views diown in Fig. 17 are perhaps clear enou^. Nevertheless the 
details of the internal construction stand out much more prominently 
in Fig. 18. 

It is important that a sectional drawing be clearly marked so that 
there may be no doubt as to the location of the cutting plane. For 
example, in Fig. 18 the sectional view is marked " Sectional Elevation 
on AB." Here AB is the trace of the cutting plane on the other coordi- 
nate plane and is shown and lettered in the other view. A q>edaJ tine is 



GENERAL PRlNaPLES 9 

used for this purpose unless it coincides with one of the principal center 
lines. Pointers as shown are desirable to indicate clearly the direction 
in which the section is being looked at. 

Partial Sections. Sometimes the unsectioned 
view seems to be on the whole the best to use 
in the case of a particular piece but there may 
be at a certain part of the piece some interior 
construction which would best be shown in a 
section. Under these circumstances a partial 
section may be used to good advantage. Figs. 
19 and 20 illustrate two cases where partial 
sections are convenient. In Fig. 19 the boss A 
on the front side of the piece needs to be shown 
whereas on the right side of the piece the boss 
B which is inside can be better shown by a 
partial section. Similarly in Fig, ao the front 
elevation is necessary to show the outside de- 
tails and a section on the hue AB is also neces- 
sary to show clearly the corii^ at the right 
side. A complete cross-section is not needed, however, hence the 
partial section. 




Fig. ig. 




3ecf/on af AB 



Tumed-up Section. Y\%. 21 illustrates a method sometimes used for 
showii^ the sht^ of any portion of a [uece which is not clearly shovm 
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in the other views. The two crosshatched parts are imaginary thin slices 
cut across the piece at the planes AB and CD and laid over into the 
plane of the paper. In other words, the shape of the cross-section at 
AB is shown by the section turned up at that place and similarly with 
regard to the shape of the cross-section at CD. The original view is 
drawn complete, just as it would be if 
the sections were not turned up on it. 
Sometimes this section is drawn in full 
lines as in Fig. 21, sometimes with 
dotted outline and full crosshatching, 
and sometimes both outlines and cross- 
hatching are dotted. 

Tumed-up sections are very con- 
venient for lowing the shape of 
pulley arms, webs, and the like. A 
tumed-up section may be put out to 
one side if more convenient as shown in 
Fig. 22. 

Crosshatching. Those parts of the 
piece which are cut by the section plane 
are shaded as shown on the several 
drawings to which reference has been 
made. This shading when done by the 
use of parallel lines is called crosshatch- 
ing. Ordinarily different kinds of cross- 
hatching are used for different materials 
although many drafting rooms cross- 
hatch all materials alike. Practice 
varies somewhat in this connection. 
In the Appendix the crosshatchii^ 
which are perhaps most commonly used 
FiQ, ji, for the various materials are illustrated. 

Sectioning Boiler Plate, Etc. In sec- 
tioning sheet metal, small pipe, or any object where the area cut is too 
small to cros^iatch satisfactorily, the portions which would be cross- 
hatched are commonly filled in solid. Examples of this are given in 
Fig. 23. 

Stumping, Tinting, Etc. A good deal of time is consumed by the 
draftsman if he puts in much crosshatching. Accordingly the areas 
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which would be crosshatched are often "stumped" with a soft pencil. 
In the case of a drawing fini^ed on pf^r the sections are sometimes 
tinted with India ink wash or in colors if desired. 




Connecting the ^ews. The several views of a piece when placed in 
direct projection with each other are connected by some means. The 
connection may be by means of center lines, extension lines, or a com- 
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bination of the two. The practice in this matter can be seen from an 
inspection of the various illustrations. 

Kinds of Lines. For specimens of the various kinds of lines and the 
purposes tor which they are used see Chapter V. 



CHAPTER n 
CONVENTIONAL RBPRBSENTATIONS 

In any line of work there are certain kinds of machine parts which 
are iised very frequently and consequently have to be shown on the 
drawings. If the exact representation of such parts involves much labor, 
thereby materially increasing the cost of the drawings, it is desirable, 
when possible, to adopt some simple signs, or " conventional lepresenta^ 
dons " which will be generally understood as rqiresentiog the parts in 
question. For example, it would require a good deal of work to make a 
true orthographic projection of a screw thread. Yet screws are of fre- 
quent occurrence in almost every machine and have to be indicated on 
the drawings. Hence they are usually shown by some " convention." 

Conventionat representations may be divided into two classes: — Gen- 
eral Conventions and Special Conventions. General Conventions are 
those used and understood by practically all draftsmen and those who 
use the drawings. Special Conventions are the signs or short-cut repre- 
sentations used by some one drafting room or in some one line of work. 
This division is of course only a broad one, for as soon as some special 
convention is adopted by several parties and becomes more or less widely 
understood, it becomes to a certain extent general. 

In this chapter it is our purpose to consider a few of the most common 
" general conventions," such as those used to represent screws, tapped 
holes, pipe threads and taps, springs, chains, etc. 

Screw Threads. There are probably more methods in use for showing 
screws than for any other one thing. Even in the same drafting room, 
unless rigid rules are laid down, there may be several conventions used 
by different draftsmen. On Plates II to V are shown the principal con- 
ventions used for this purpose. It may seem that an undue amount of 
space is given here to the matter of screws, but the fact that all these 
conventions are used and used to so great an extent, seems to warrant 
their being shown here although the authors by no means recommend all 
of them. 

V-Threads. Figs. 24 to 31 (Plate II) show several ways of rq)resent- 
ing V-threads. In each figure ^ is a side view of the screw, B an end 
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view of the threaded hole, C a side view of the piece containing the 
threaded hole with hole shown dotted, and D the same view as C except 
that the piece is sectioned on plane MN (see Fig. 24). Additional con- 
ventions for showing the threaded hole and for sectioning a piece which 
is threaded both on the outside and inside are given in Figs. 35 to 3S, and 
will be discussed a Kttle later. Figs. 24 to 34 are for the most part self- 
explanatory, but a few remarks may be of value. It will be noticed that 
the end view of the hole (view B) is the same for all the figures. In 
Fig. 24 is shown a very common method of representing a smgle right- 
hand V-thread. In view ^ we see that the points of the V's are repre- 
sented by light lines running across the screw with a slant equal to 
one-half the pitch. That is, if a line (as shown dotted at xy) is drawn 
through one end of the thread line, perpendicular to the axis of the screw, 
it will pass through the middle of the space on the other contour. The 
bottom of the threads is shown by shorter and heavier lines, parallel 
to the- others. These heavier lines should all terminate the same dis- 
tance from the contour, this distance being a little less than the pitch. 
The dotted threads (view C) are drawn just like those on A except that 
all the dotted Unes are of the same weight. When the nut is shown in 
section as at i) the threads are drawn exactly as at .il except that they 
slant down toward the right This is because the front half of the thread 
is removed and we are looking at the threads on the back half. In the 
double thread. Fig. 25, the only change from Fig. 24 is the amount of 
slant given to the lines. In Fig, 26 the single left-hand thread is shown 
by the convention similar to the two preceding ones, the slant being in 
the oppoate direction. No discussion of Figs. 27 to 31 seems necessary 
except to call attention to the fact that in Figs. 29, 30 and 31, no slant 
is given to the lines. Fig. 30 seems, on the whole, to be the most con- 
venient of all because the lines are all of the same weight, thus avoiding 
the necessity of changing the setting of the drawing pen, and there is no 
slant so that they may be drawn directly with triangle and T-square, 

Figures 3a, 33 and 34 show the convention often used for screws of 
larger diameter, if the pitch is reasonably coarse. 

Figure 35 illustrates a method sometimes rised for showing the end 
view of a tapped hole. In certain cases, where it is perfectly clear that 
the hole is threaded, it may be represented as in Fig. 36. Fig. 37 also 
shows a method which has been used to a considerable extent for a 
tapped hole. There are many disadvantages about this representation 
which seem to make its use undesirable. 
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Square Threads. Figs. 39 to 42 illustrate the representation of small- 
diameter square-threaded screws and Fig. 43 illustrates the three dif- 
ferent views of the threaded hole for the same. Fig, 44 illustrates 
a square-threaded screw of large diameter and Fig. 45 illustrates 
the nut corresponding. 

Acme Threads. In Figs. 46 to 50 is shown the acme thread on a 
screw and in the hole. There are other conventions for the side eleva- 
tion of the nut besides that shown in Fig. 50B,- but that one is simple 
and seems to serve the purpose well. 

Pipe Threads and Taps. Fig. 51 shows the threaded end of a pipe 
in side elevation and end view, and Fig, 52 the same in cross-section. 
Fig. 53 gives a convention for a hole tapped for a pipe, and Figs. 54 and 
55 two ways of showing the same in section. 

Special Threads. In representing a special thread one of the above 
conventions may be used (selecting the one representing the standard 
thread which most nearly resembles the " special thread " in question), 
this being supplemented by an enlarged detail. 

Long Screws. When a screw is long, it is unnecessary to draw the 
conventional thread over the whole length of the screw. A few threads 
may be drawn at each end of the threaded portion. 

Helical Springs. The ordinary hehcal springs, often erroneously called 
spiral springs, require much the same treatment on a drawing as do the 




A S ^ B 

Fig. 56. Fig. 57. 

screw threads. Fig. 56 shows a helical spring of round wire. A is the 
spring in outade elevation, B the same spring sectioned on plane MN. 
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Fig. 57 is ^milar to Fig. 56 except that the spring is made of square 
stock. The choice as to use of the methods A and B depends upon the 
conditions. Ordinarily the imsectioned spring has a better appearance 
and is quite as easy to draw as the sectioned view. 

Bolts and Nuts. Drawings of bolt heads and nuts are always more 
or less conventional, particularly in showing the chamfer. The figures 
in connection with Tables i and 2 of the Appendix illustrate this and also 
show convenient radii for drawing the arcs of circles which represent the 
chamfer. 

Breaking Long Pieces. When a piece is long relative to its width and 
thickness or diameter, it is often convenient to draw the piece as if part 
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Fig. 61. 



of it were broken out. When this is done, the break must be made at a 
place where there are no details that need to be shown. Figs. 58 to 61 
illustrate this. In the case of the flat piece, Fig. 60, two ways of repre- 
senting the break are shown at A and B, req)ectively. 



Chain 
Fig. 62. 



Rope 



Chains and Ropes. Figs. 62 and 63 show convenient methods for 
representing chains and ropes respectively. 
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Bearings. It is very often desirable to indicate on the drawing of a 
shaft the places where bearings are to be located. This may be done 
by diagonal lines as shown in Fig. 64. 
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Fio. 64. 

Webs, Ete. When a section is taken through a web, it is sometimes 
crosshatched as in Fig. 65. 
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Fig, 6s. 



CHAPTER m 
DIMENSIONING AND DESCRIBING 

The bare drawing such as has been discussed up to this point serves 
only to convey to the mind a conception of the general form of all parts 
of the piece. The drawing should be approximately or exactly propor- 
tional so that a correct conception may be given. No reliance is placed 
on the accuracy of the drawing, however, to indicate the size and exact 
form of the piece. Neither does it give final information as to the 
material, manner of finishing, etc. These must be taken care of by 
figured dimensions and explanatory notes. 

The proper dimensioning and describing of a piece is on the whole the 
most important and the most difficult part of the draftsman's work. 
With a fair knowledge of projections and a small amoimt of experience 
a man may be able to decide what views to use and how best to represent 
a piece. Much knowledge and experience are necessary, however, in 
order to dimension it and describe it accurately, clearly, and in such a 
way that the dimensions may be easily found and used by the various 
workmen who have a part in making the piece. The aim must be to give 
just those dimensions which are needed, to give them in such a place and 
such a way that they can be readily found and understood. To accom- 
plish this result the draftsman needs to know the various steps in the 
process of manufacture of the piece, otherwise he cannot decide what 
dimensions are necessary, or at least most convenient, for the workman. 
With such knowledge he must combine good judgment both in deciding 
what dimensions to give and where to place them on the drawing. The 
same remarks apply of course to the use of explanatory notes. Here 
again, therefore, the personality of the draftsman enters in to an even 
greater extent than it does in the matter of deciding what views to show 
and how to show them. Here, however, as in the former case there are 
certain rules and customs which are general. 

In the present chapter are shown proper methods of giving dimen^ons 
for cases which most commonly occur. The methods here represented 
■are based on a careful inspection and comparison of the methods used 
by a considerable number of commercial drafting rooms and represent 
what seems a reasonable and fairly general practice. 
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General Example. Fig. 66 is a complete drawing of a rectangular 
piece with a rectangular hole through it and may be used as a starting 
point for considering the subject of dimensioning. First there are the 
outside dimensions of the piece, li" long, i" wide and f " thick. Then 
come the minor dimensions, in this case the location and size of the 



-£-\ 


^'^■^i:- 






~f- 


— 


1 


4 














1 ■- 


L 










> _ 





Make S Composition. 
Finish a// oyer 
Fig. 66. 





* 


s- 


-^ 




■— 






— /- 










■it 




.( 




1 






t 




1 




1 








1 









■i- 

Make £ Cornposifio/7. 
finish alt oyer 
Fig, 67. 

opening. Fig. 67 is the same as Fig. 66, except that the position of the 
rectangular opening is dimensioned to center lines instead of to the sides. 
In a piece of this sort there is little choice as to which method is better. 
PosittoD of Dimensions. As far as convenient the dimensions are 
placed off the views. The lines between which a dimension b to be given 
are prolonged by " extension lines." (See Chapter V.) The extension lines 
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must not connect with the main lines, a gap of about j^" intervening. 
A dimension line is drawn between the two extension lines. Arrow- 
heads are placed at the ends of the dimension lines, the points of the 
arrowheads terminating exactly on the lines between which the dimen- 
sion is given. 

If the space between the two lines is too small to allow for both the 
figure and the arrowheads, the arrowheads are placed 
as in Fig. 68A, and if the space is too small even for 
that the method in Fig. 68B is used. 

The over-all dimension (notice the ij" in Fig. 66) 
is placed outside the smaller dimensions. The figures 
read from the bottom or right-hand side of the 
drawing according as the dimension lines are hori- iiu-w. 

zontal or vertical. The instructions about material, number needed 
and finish will be referred to later. 

It is well to adopt some system of putting the figures always in the 
same place as far as possible. By following regular rules in this way 
there is less danger of omitting dimensions and less difficulty in finding 
them. 

Figures should, if possible, be placed where they can be erased without 
disturbing the lines of the drawing. In a simple object like that in 
Fig. 66 where only two views are shown, there is little choice as to the 
view on which a given dimension shall be placed. In a more complicated 
drawing, however, where several views or partial views are made, a 
dimension might be placed in any one of several places- The question 
then arises "Where shall it be put? " The answer in general would be 
to put it where it can most conveniently be found. Dimensions which 
are related should be given in the same view. For example, if a hole is 
being dimensioned, the length, width, and location of the hole should be 
on the same view. Further illustrations of the proper distributing of 
dimensions can best be obtained from an inspection of the drawings which 
follow. 

Repetition of Dimensions. It is seldom advisable to repeat a dimen- 
sion. If it is given in one view that is sufficient. In the case of a com- 
plicated drawing, this rule is sometimes departed from if reading the 
drawing can be made easier by so doing. 

Feet and Indies. Practice varies in the matter of when to give a 
dimension in inches and when in feet and inches. Many drafting rooms 
use inches up to and including 24 inches, above that ^viog in feet and 
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inches, thus: 2 feet 4 inches. Others give in indies up to 36 and still 
others up to 72 or even higher. In some special work such as pulley and 
gear diameters, certain engine dimensions, sheet-metal work, and some 
structural work the dimensions are all given in inches. There are 
various ways for writing the dimension. If it is m inches it is usually 
written thus: 3" or in special cases 2 in. Where all dimensions are 
understood to be in inches the sign " may be omitted entirely as is done 
in Figs. 103 to 124. If feet and inches are given they should be thus: 
2 ft. 4" or 2'-4". In the latter case a good space is left between the feet 
and inches and a dash about -^g" long inserted. Where the dimen^on 
is wholly in feet it is written thus: 9 ft. o" or g'~o" and when in feet and 
a fraction of an inch thus: 9 ft. of" or 9'-o|". 

When Drawing is at Reduced Scale. The dimensions must indicate 
the actual size of the piece itself, regardless of the scale of the drawing. 
If some portion of the drawing is not drawn to scale as, for example, if 
it is decided to change a certain dimension after the drawing b made it 
is advisable to call attention in some way to the fact that the figured 
dimension and the scale do not agree. This may be done by adopting 
some standard mark for such a case as, for example, a line beneath the 
figure, or by putting beneath the figure in small letters these words: 
Not to scale. The underlining is more common. 

DedmalB. If the nature of the work is such that the workman can 
and ought to use hundredths and thousandths of an inch the fractions are 
given in decimals. Thb would be the case where gage or micrometer is 
to be used. 

Examples. Instructions for showing the dimensions for the various 
cases which are commonly met with can best be given by examples. As 
has already been suggested, no hard and fast rules can be given to cover 
varying conditions. Moreover, two men of equal ability might not 
dimension a piece in exactly the same way. Therefore, the examples 
here given must be considered as representing good general practice and 
not as indicating the only right way. It will be noticed that many of 
the drawings are at a reduced scale. The fact that the matter of scale 
has not yet been discussed should cause no difficulty here as the main 
subject now under consideration is that of dimensioning. 

In discussing these examples, particularly the simpler ones, each 
drawing will be referred to as illustratmg some definite feature. The 
same feature will, of course, appear in many of the other drawings and 
the student, when looking up any special point, should refer to several 
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of the drawings besides the one mentioned. In this way he will get ihe 
broader application of each principle. 

C^indrical Pieces. A plain cylindrical piece with a drilled hole con- 
centric with the outside of the cylinder may be dimensioned as in Fig. 69 
or the end view may be omitted as in Fig. 70, and only the side view given, 
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preferably in section. When this is done the abbreviation Dia., is placed 
after all diameter dimensions xmless covered by some other note such as 
DriU, Bore, etc. 
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Fig. 70. 



Shafts, Etc., of Changing Diameter. Fig. 71 is a drawing of a steel 
stud. The points to be especially noted are the way the diameters are 
shown, also the fact that the longitudinal dimensions are put on to form 
a continuous line the entire length of the piece with an over-all outside 
them. The over-all must, of course, be equal to the sum of all the others. 
These might be considered the principal dimensions. Then if there were 
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lesser details such as the location of spottings, etc., those would be ^ven 
oa another line between the principal dimensions and the drawing itself. 
(Notice the ■^" for rounding the end.) The describing of the thread 
will be referred to under its proper heading. 
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Fig. 71. 

Kadii of Curves and Kllets. If a round comer or curve of any sort 
is designed to be of definite radius, the radius is given and the center 
located if its position is not clear from other conditions. If the curve is 
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Fig. 7j. 



of small radius and unimfwrtant, it is usually shown but not dimensioned. 
In Fig. 72 are given common methods of stating the radii of curves; 
either ^4 or £ is used when there is room, B is preferable. C may be 
used when the space is too small to put in the 
three letters Rod. For a very small radius the 
method D is good. 
Figure 73 shows the usual way of dimensioning 
^ D radii on boiler plate, etc. A gives the inside 

radius and B the outside radius of the bend. 
In all of the above cases the position of the cen- 
teris evident from the fact that the arcs are tangent to the straight lines. 
Additional examples of radii and location of centers occur in Figs. 122, 
123 and 124. 
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Screws. Fig. 74 shows three common ways of dimensioning and 
describing an ordinary V-thread; Figs. 75 and 76 are drawings of screws 
having square and acme threads respectively. 
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Fig. 79. Fig. 80. 

C^indrical Holes. Two elements enter into the dimensioning of holes. 
First the description of the hole, whether it is cored, cored and bored, 
drilled, reamed, countersunk, counterbored, tapped, and the like; second, 
the location of the hole or series of holes. 
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Describing Holes. The description of a hole or set of holes is accom- 
plished partly by the manner of representation and partly by notes. 
The variation in the practice of different drafting rooms in this feature 

€>5<fuare Thcf3 per inch L.h. 
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Fig. 90. 

is very great. In some places the hole, whether large or small, is simply 
shown and marked whether finished or not. In other places the drawing 
indicates all the operations involved in getting the hole into its final 
condition. Still others give the final operation only. 
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Figures 77 to 90, inclusive, give methods in common use for describii^ 
the various kinds of holes. Fig. 77 is a cored hole, Fig. 78 a bored hole, 
Fig. 79 a plain drilled hole, Fig. 80 a hole reamed to size, Figs. 81 and 82 
two ways of describing a countersunk hole, and Figs. 83 and 84 two ways 
of describing a counterbored hole. In Fig. 85 a hole tapped with a 
V-thread is shown in two views. Here the note describing the hole is 
referred by means of the pointer to the view where the hole shows as a 
circle. Fig. 86 gives two different ways of describing the same hole 
where only the side view of the hole appears. Fig. 87 shows a safe 
method for dimensioning a hole which is plain part of its length and 
tapped the balance. 

The usual way of describing a hole tapped for a standard pipe is 
illustrated in Fig. 88. It should be noted that the hole here shown is 
tapped for a standard i' iron size pipe, the actual size of the threaded 
hole being such that the threaded end of a ^' pipe would screw into it. 
Figs. 89 and 90 are intended particularly to illustrate the method of 
describing holes threaded with square and acme threads respectively, 
but these two figures are completely dimensioned working drawings and 
happen to still further illustrate drilled holes and holes tapped with 
V-threads. 

Locating Holes. The question of location is the same whatever kind 
of hole is involved. The first rule and one to which there is practicaDy 
no exception is: Locate a hole by dimensioning the position of its centre. 
When possible these dimensions are given from finished surfaces or from 
the centres of other holes, in such a way as to be most conveniently used 
by the workman and insure his working with the necessary accuracy. 
The draftsman, therefore, as in most other cases, needs to know on what 
sort of machine the holes are hkely to be made or finished. \^th this 
knowledge he can give the dimensions best suited for use on that machine. 
For example, suppose the holes A, S and C, Fig. 91, are likely to be bored 
out on a machine the work table of which has vertical and horizontal 
adjustments that can be accurately made. The piece containing the 
holes would be fastened to the table with the finished surface M?f 
resting on the table. Then the adjustment would be made so that the 
tool would be properly set for finishing the hole A. Having finished this 
hole, the work would be raised 45' and moved over 4' by means of the 
accurate adjustments of the machine and the tool would be properly set 
for finishing the hole B. Next a rise of 2' and horizontal adjustment 
of 7i' and the hole C could be finished. In this way the holes would be 
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exactly where they were designed to be and the dimensions given on the 
drawing would be just the ones which the machine operator would use 
in setting up his work. 




Make t Casf iron. 
Fig. 93. 

Under other circumstances a different set of dimensions might be 
preferable as in Fig. 92. 

Holes Sytnmetrically Located. Holes, such as bolt holes in covers, 
flanges, and many other places, are often placed symmetrically with 
respect to the center lines of the piece containing them. Fig. 93 is a 
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drawing of a valve chest cover and illustrates holes symmetrically 
located on a rectangular piece. 
Figure 94 shows holes equally S5)aced aromid a circle. The circle 
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Fig. 94. 
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Pic. 96. 

passing through the centre of the holes is. called the bolt circle.* Fig. 95 
is the same piece shown by one view only. 

Holes not Symmetrically Located. Fig. 96 shows holes in a rect- 
angular plate not symmetrically located; Fig. 97 shows holes unequally 
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spaced on a bolt circle and Fig. 98 shows two kinds of holes on the same 
bolt circle. 

Figure 99 gives two methods of locating holes on a piece having semi- 
circular ends. Further examples of locating holes appear in Figs. 121 
to 124 inclusive. 
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Bolts and Nuts. Fig. 100 indicates the dimensions ordinarily given on 
the drawing of a bolt and nut. 

Tapers and Angles. Rules for dimensioning tapered pieces or surfaces 
making angles other than right angles with the prindpal axes or surfaces 
are subject to many exceptions. It might be said in a general way that 



36 WORKING DRAWINGS OF MACHINERY 

on conical pieces where the decrease in diameter per unit length is small 
the change in diameter per foot of length is ordinarily given on the 
drawing; or, if the size and rate of taper conform to any one of the 
standard tapers the name of the standard and the number of the taper 
are stated. 
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Fig. loo. 

Figure loi is a drawing of the end of a piston rod and well illustrates 
the method of dimensioning and describing a tapered part. It is to be 
noticed that the diameter at one end, in this case the large end, of the 
taper, the length of the tapered part, and the taper per foot are given. 
The note " Taper 3^' per foot " indicates that the diameter changes at 




that rate so that the change in diameter for the given length of 2 J' would 



X si' = 0.729. Therefore, since the diameter at the large end 



12 

is if that at the small end is ij — 0.729 = 1.021, or a trifle larger than 
the thread which is i' diameter. This smaller diameter might sometimes 
be given as well as the large one. If so it would be expressed in decimals. 
Figure I02 shows a piece with standard taper specified by number and 
name. 
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A short frustum of a cone with rapid taper is often dimensioned by 
giving the angle which the element of the cone makes with its axis. See 
Fig. 103. 

A plane surface making an angle with the other surfaces is also given 
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in degrees as shown in Fig. 104. When more convenient the tangent of 
the angle may be given as in Fig. 105. 






^ 





\ 


t 


1 




*/i- 


Fig. 1Q4. 












'il 


\^ 




5; 





Fig, 105. 

In ^ving an angle in degrees the abbreviation Deg. is sometimes used 
for degrees with the usual dots for minutes and seconds, thus 49 Deg. 
15' 45'. Sometimes the sign " is used for degrees. 
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Holes for Taper Pins. Fig. io6 illustrates a method for dimensiomng 
holes for taper pins. 
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Pulleys and Gears. Figs. 107 to 112, 

Finish all o^r inclusive, are drawings illustrating the 

manner of representing and dimensioning 

a pulley, spur gear with arms, rack, pair of bevel gears, worm and wheel 

and pair of " spiral " gears. An ins[>ection of the drawings will make 

the various points clear without detailed discussion. 

Dimensioning Fits. When one piece is to £t into another, as for instance 
a shaft into the hole in a pulley, a certain relation must exist between the 
diameter of the hole and that of the piece fitting into it. This relation de- 
pends upon the desired tightness of the fit, the diameter of the hole, and 
the nature of the material of which the parts are made. Roughly speak- 
ing, fits are either ruiming fits or tight fits ; that is the shaft is to be enough 
smaller than the hole in the pulley to allow the pulley to turn freely on 
the shaft, or the shaft is to be so large that it has to be forced or driven 
into the hole. This distinction is, of course, a very general one for the 
running fit may be a loose running fit or a close running fit; similarly 
the forcing or driving fit may require little or much pressure. For 
a running fit the hole is usually reamed or bored to a standard diameter 
and the part which fits into it is turned or ground a certain amount 
smaller. For a driving, forcing, or shrinking fit the piece which is to 
be forced in is made a certain amount larger than the hole. The allow- 
ance made in either case depends upon the ^e of the hole and the 
nature of the materials. Moreover, practice differs somewhat as to the 
amount to be allowed under any given conditions. Tables showing the 
allowances recommended for the various kinds of fits of different 
diameters can be found in many handbooks. 
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We are not concerned here so much with the amount of allowance 
necessary as we are with the way in which the draftsman shall indicate 
the allowance on his drawing. Two methods are common. In the first 
one the draftsman merely gives the diameter and states the kind of fit, 
leaving the amount to be allowed to the knowledge and jut^ment of the 
workman. See Fig. 113, where ^4 is a view of the hole and B a side view 
of the piece which is to fit the hole. In the second and safer method the 
draftsman takes the full responsibility and states exactly how much 
allowance the workman must try to make and not only that, but how 
much he may vary. 



'2j /r'eam 




Fig. 113, 




In Fig. 114 we have the same two pieces as in Fig. 113, but here the 
wotkman is told that if the hole is reamed to a standard diameter of 2^* 
and the other piece is turned or ground to any dimension between the 
limits 2.5031' and 2.5010' the fit will be satisfactory. 

Allowable Variation. In many cases where a dimension is given it is 
not important that it be exact. Time may then be saved by indicating 
that fact on the drawing. If the dimension may vary somewhat, but 
not more than a definite amoimt, the limits are stated. The following 
examples wUl make this clear. 2' ± means that the dimension is to be 
approximately 2' but any reasonable variation either way is allowable. 
3'— means the distance may be less than 2' but must not be more. 
This is also written thus: " 2' must not be more." 2'+ means it may 
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be more but must not be less, also written " 2' must not be less." 2' ± J' 
means the distance may vary anywhere from ij to 2J. 

Over-all Dimensions. An over-all dimension is, as the word implies, 
a dimension between the extreme principal points or surfaces of the piece, 
often the summing up of a. series of intermediate dimensions. A safe 
rule is to always give an over-all dimension if it can possibly be of any 
value either in constructing the piece or as a check on the other dimen- 
sions. Take for example the drawing, Fig. 75. The dimension 14J' 
serves first of all to give the workman an idea of how long a piece of steel 
is needed to make the rod and second to help avoid any error in the inter- 
mediate dimensions. In Fig. 124 the use of over-all dimensions on a 
casting is illustrated. The position of the over-all with relation to the 
other dimensions has already been referred to. (See " Shafts of Chang- 
ing Diameter," page 25.) 

Indicating Finish. Any piece or part of a piece of metal which is 
machined in any way so as to remove the whole or a part of the original 
scale is considered as finished. It may be filed, rough turned, planed, 
milled, ground, polished, etc. Whatever is to be done to it is indicated 
on the drawing. This is done in various ways, sometimes by conven- 
tional signs, sometimes by notes, and best of all by a judicious combina- 
tion of notes and conventional signs. If the drawing is to be used only 
by men who are sure to understand the signs used, as, for example, in 
some special shop or office where the same signs are always understood 
to mean the same thing, then signs alone may be used. If, however, the 
drawing is for general use, as, for example, a drawing that is likely to be 
sent out, the draftsman knows not where, then the signs are accompanied 
by clear explanations or else supplemented or supplanted entirely by 
good clear notes. 

Any attempt to illustrate the great variety of methods in use would 
be out of the question here and would not be of much value. We will, 
therefore, consider only one method, which is the basis of the practice 
followed by a number of representative drafting rooms. 

Finish All Over. If a piece is finished all over, the nature of the piece 
being such that the ordinary workman would understand what kind of 
finish to give to parts not definitely specified, then a note. Finish all 
over near the principal view, is sufficient. 

Finished Surfaces, Where certain surfaces only are finished, no 
specific instructions being necessary regarding the character of the finish, 
the fact is shown on the drawing by placing the character/ on the view 
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or views where the finished surface appears as a line, taking care that the 
cross line of the / intersects its body at the point where the body inter- 
sects the line representing the surface. See Fig. 115. The / is placed 
on all views where the surface is seen as a line and reads always from the 
bottom of the sheet. 
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Special Finish. In case it is necessary to specify the kind of finish to 
be given to a surface this is done by a note near the line representing the 
surface with a pointer running from the note and touching the line as 
shown in Fig. ir6. When this is done the /is usually omitted from the 
line although it is sometimes put on. 

Finished Holes. As has already been shown when discussing the 
description of holes, the finish is provided for in the note describing the 
hole. For example, the note that a hole is li' ream covers the question 
of finish and no further instructions are needed. 

Spot Face and Counterbore to Surface. The instructions Spoi Face 
or Counterbore to Surface are given when a spot on an otherwise un- 
finished surface is machined true to form a bearing surface for a nut, bolt 
head, shoulder of a stud, or something of the sort. This does not call 
for work to exact dimensions. There is not a rigid distinction between 
the two terms but the tendency is to say " Spot Face " when a slight 
amount is built out on the pattern at the spot so that when machined off 
the surface may be nearly flush with the imfinished part as in Fig. 117, 
while " Coimterboie to Surface " is used where no allowance is made 
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on the pattern and the finished spot is sli^tly below the surrounding 
unfinished surface as shown in Fig. ii8. 





Fig, 117. 



Material. The material of which a piece is made is practically always 
indicated by a note either on or near the principal view. If a piece is 
shown in section a certain style of crosshatching is often used for each 
material. Tliis alone, however, is never considered sufficient to specify 
the material. Sometimes in the case of castings the material is stated 
only when it is other than cast iron. 

Number Wanted. The number reqiured per machine from each piece 
is sometimes stated in a note placed with the other general notes near 
the principal view. Some state the number only when more than one 
is required but the more general practice ts to state the number in all 
cases. A not uncommon practice is to say nothing near the view itself 
about the niunber reqiured but to give that along with other information 
in a " List of Parts." 

Additional Examples. Figs. 119 to 124 are complete drawings of 
actual machine parts and are intended to further illustrate the applica- 
tion of the principals which have been discussed. 

Standard Parts. There are many machine parts which are so often 
used that their proportions, have become standardized. Standard parts 
may be divided into two classes: first, those which conform to some staa- 
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dard that is published and that machine users in general are familiar with ; 
second, those which conionn to a standard devised and used by some 
particular company. For example, a conyijuiy building lathes may 
design a pattern for the legs and use that pattern on all their machines 
of a given type. That particular style and size of leg then becomes a 
standard part with them and receives a number or name by which it may 
be designated and which is always understood to refer only to that style 
and size. The same is true of screws, bolts, nuts, keys, pins, and a great 
many other pieces. Most of the generally accepted standards were 
originated by some firm manufacturing the parts either for its own use 
or for sale to the public. In some cases the " standard " is named for 
the party originating it, in other cases it is named for an organizatioQ 
formally adopting it or for a government adopting it in its departments. 

In designing a machine or in making drawings of a machine already 
built, if parts occur whose dimensions conform to any accepted standard 
it is not customary to make drawings of such parts. Instead, they are 
designated by name or number or both, together with the name of the 
standard to which they belong, unless the latter is evident. A systematic 
method of specifying such pieces is adopted which of course varies in 
different drafting rooms. A good method seems to be to have a regular 
blank form of table for the purpose with spaces to be filled in giving all 
the necessary information about each piece, including information as to 
where the piece is to be used. This table may be included in the complete 
list of parts. {See " List of Parts " under Scale Drawings, Chapter V, 
where the subject is further discussed and illustrated.) Frequently also 
a note specifying the standard part is placed with the piece where it is 
to be used as well as in the general list, or it may even be drawn in there 
with a special kind of line. 

Name and Part Number. While the matter of naming the pieces on 
the drawing, or giving them numbers, or both, in a sense belongs with 
the description of the parts, this can be more conveniently considered 
in connection with the scale drawings. It will be sufficient to say at this 
point that it is customary in well organized shops and drafting rooms to 
assign to each piece of a machine some mark or number under which it 
may be listed and by which it may be referred to. This mark is put on 
the drawing of the piece and frequently accompanies the name by which 
the piece is known. In a similar way the title of the sheet which contains 
the dmwing of the piece or pieces bears a part in the description. See 
Chapter V for further discussion. 
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Use of Notes. It must have been observed that in all of the preceding 
illustrations frequent notes occur on the drawings. These are becoming 
more and more an important factor in machine drawing. Anything that 
will add to the completeness and clearness of a drawing is desirable and 
oftentimes a few brief notes will render clear and simple a drawing which 
would otherwise be extremely difficult to make or to read. It is safe 
then to say that notes are, and ought to be, freely used. On the other 
hand they must be concise and so placed that they do not confuse the 
outlines of the piece. For the most part they are placed outside the 
views with pointers extending to the places to which they refer. 

Dimensioas on General Drawings. For a discussion of dimensioning 
general drawings, such as assembly drawings, diagrams, etc., See Chapter 
VI. 



Ar^ 





MbhaZ Stmol Drop Pbre[in^ 
Fic. 119. 



DIMENSIONING AND DESCRIBING 







Ate/# - Make 4 -A '£F'ipa lap. 
Make 4 'A "^^/m Tap. 
Oas^ /ran Finish a// ovsr outside 

Fig. I30. 



WORKING DRAWINGS OF MACHINERY 



ij^neam 




Make I Cast Iron 
finish a// oi^er 



i"—/^^' 



Make I Costlfon 



DIMENSIONING AND DESCRIBING 




WORKING DRAWINGS OF MACHINERY 



Mok4 1 Caa* fron 
Fig. 134. 



CHAPTER IV 
SEETCHmG 

The term " sketch " is loosely used for a great variety of drawings 
from the artist's sketch to a more or less accurately made mechanical 
drawing. We must first of all then define just what we mean by the 
word as applied to our work in Machine Drawing. A " sketch " as we 
will use the word may be described as a drawing, either free-hand or 
instrumental, made as rapidly as possible for the purpose of imparting 
or recording certain information, or for the preliminary working out 
of an idea. In general, clearness and speed of execution are the first 
qualities sought. 

A sketch of a machine or machine part may be perspective or some 
other pictorial view, such as isometric, oblique, etc., or it may be plain 
orthographic projection. The perspective, isometric, and thelike have 
an important place particularly in describing peculiar mechanisms or 
pieces of odd shapes. This is espedally true when the description 
is being made for the use of persons imfamiliar with the principles of 
ordinary projections. Every engineer ought to be able to make quickly 
such a sketch which would be good enough to serve its purpose. In the 
present chapter, however, we are to confine ourselves for the most part 
to sketches made in orthographic projection. 

It would be hard to overstate the importance to the en^eer and 
especially the engineer who has to do with machinery, of the ability 
to make and read sketches. The finished drawing, accurate and com- 
plete, is a necessity for permanent use especially in the case of com- 
plicated pieces. The production of such a drawing, however, involves 
much time and necessitates drawing board, instruments, a convenient 
place to work, and all of those things. Suppose a man must take a 
description of a certain machine. It may be far away from his draft- 
ing room, in a place where it would be impossible to make a careful 
drawing. Fertiaps, furthermore, he has only a short time to do the 
work or his own time may be too valuable to spend on careful drawing. 
Here is where his ability to sketch is valuable. With a ^mple block 
oi pspei or whatever material may be available, a medium pencil, 
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perh^>s a compass, he can sooa make a sketch which will record all the 
necessary data in such shape that it can be readily understood. 

Again, suppose a man wishes to e^lain a machine or an idea to some 
one else. He cannot take the time to make, or have made, a scale 
drawing. He must be able to sit down and express himself rapidly 
and clearly by means of free-hand sketches, using orthographic when 
he can but having recourse to perspective or isometric whenever they 
serve his purpose better. 

In general the principles and methods which have already been ex- 
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plained for machine drawing apply to orthographic sketches as much 
as to accurately made drawings. The main difference is in the matters 
of execution and scale. In the regular drawing the proportions are 
usually exact or at any rate bear certain relations to each other. In the 
sketch the prt^wrtions are judged by eye, with little or no measuring 
on the sketch itself. 

The piupose for which a sketch is made of course determines its 
character and completeness. If it is merely to suggest an idea or the 
principle of some mechanism it may be very rough and not at all com- 
plete. In such a case it may be made up chiefly of center lines or full 
lines taking the placx of center lines. Examples of sketches of this ^pe 
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are shown in Figs. 125 and 126. Fig. 125 is the kind of a sketch which 
might be made to show how the cross rail of a planer is raised or lowered 
and still kept horizontal. Fig. 126 is a diagrammatic sketch such as 
might be made to show the elementary links of a Whitworth Quick 
Return Motion. 

In both these figures no more detail is put in than is necessary to 
make the sketch show what was intended. On the other hand if the 
sketch is to be used in place of a regular drawing as instructions for 
making a machine part, or if it is to be a temporary description of the 
part and serve as data for making a regular drawing, then it needs to 
be complete, clear and reliable. Fig. 127 shows such a sketch. It will 
be observed that this is a complete working drawing in every sense. 




It is, however, free-hand, made rapidly on cross-section paper near 
enough to correct proportions to surest the true appearance of the 
piece. The cross-section paper enables one to get approximate pro- 
portions without measuring. The lines, however, somewhat obscure 
the drawing. 

Figs. 12S arid 129 (Plates VI and VII) are additional examples of 
sketches. Fig. 128 is one sheet only of several sheets of sketches 
of an en^e cylinder. Fig. 129 is a reproduction at a reduced scale of 
the sketch from which was made the scale drawing (Plate XIV) for one 
of the pieces of the universal chuck det^ed and discussed in Chapter V. 
It must of course be understood that an actual sketch at such a small 
scale would be impracticable. 

If one has the ability to make the latter kind of a sketch easily and 
quickly he can readUy enough make the less conq>Iete sketches of the 
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Other types. We will, therefore, consider that we have a machine 
part of which a sketch is to be made that will furnish a complete descrip- 
tion of the part to be used either for duplicating the part or for making 
a finished drawing. 

Method of Procedure. In making such a sketch a satisfactory order 
of procedure is as follows: 



Fig. 127. 

ist. Study the piece carefully, decide what views are needed to 
show it fully, then imagine how those views will look, 

2nd. Draw the views. Start with main center lines and principal 
surfaces, filling in the larger details first and gradually working down to 
the smaller details. The proportions are judged by eye and are made 
as nearly right as convenient. Sketches are preferably fairly large and 
bold, allowing ample room for dimensions, notes, etc. This may necesd- 
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tate separating the views, using a different piece of paper for each view 
or even breaking a view, putting part on one piece of paper and part on 
another. Proper marking of the views is very important when separated 
or broken. See Fig. 128. 

3rd. Mark all finished surfaces £ind put on all dimension lines, 
extension lines, and arrowheads. It is better, as far as possible, to put on 
the sketch the actual dimensions that would be given on a finished drawing. 
It might, however, appear to be impossible or at least inconvenient to 
measure those dimensions directly on the piece, necessitating taking 
certain other dimensions from which the desired ones could be cal- 
culated. In that case both the measured and the calculated dimensions 
would be recorded on the sketch. If the desired dimensions can be 
obtained from the measured ones only by a careful graphical construction, 
then, of course, only the measured ones can be recorded when sketching. 
It is well, nevertheless, to put in the dimension lines for the desired 
figures. 

4th. Take and record all measurements, at the same time putting in 
all explanatory notes. 



THE SCALE DETAIL DRAWING 

The regular detail drawing for penaanent use is the complete detail 
drawing accurately made, with proportions correct, and finished up in 
such a manner that copies can be easily and cheaply made without 
injury to the original. When the term " detail drawing " is used, 
it is ordinarily understood to refer to the drawing as above described. 
There are two stages in the production of such a drawing: first, the 
preliminary drawing ordinarily spoken of as the pencil drawing; second, 
the final drawing almost always in ink, made either by inking over the 
lines on the pencil drawing, if that is made on suitable material, or by 
covering the pencil drawing with tracing cloth and tracing the lines in 
ink. Sometimes when the drawing is for temporary use, the pencil 
drawing is used as tbe final drawing and blue prints are made from it. 
For convenience we will refer to the preliminary drawing as the pencil 
drawing and the final as the ink drawing. Since it is the ink drawing 
from which copies are taken for shop or other uses, and the pencil drawing 
is only a stage in the making of the ink drawing, our discussion will 
naturally apply to the final drawing unless the pencil drawing is specif- 
ically mentioned. 

Drafting Room Systems. We have already referred to the fact that 
each drafting room adopts its own system in the matter of methods 
of representing, dimensioning, conventional signs, and the like. In 
addition to this some system is essential in the matter of size of sheets 
on which the drawings are made, position and content of titles, number- 
ing, filing, etc. A systematic method for making and recording altera- 
tions of the drawing is also of vital importance. 

It would hardly be profitable for us here to describe in detail any 
one of tbe systems in use. A general discussion of some of the things 
to be conadered in devising a system and a tew illustrations will better 
fulfil our purpose. 

Sheet Size. It is convenient and perhaps even necessary to have, 
in any given drafting room, some imiformity in the size of the sheets 
on which drawings are made. Since sometimes large drawings have 
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to be made and sometimes only very small ones, it is of course desirable 
that the draftsman have some latitude in selection of his sheet. Accord- 
ingly it is customary to adopt a series of standard sizes of sheets and 
allow the draftsman to choose in any particular instance the one of those 
standard sheets which best acconmiodates the drawing which he happens 
to be making. He must, however, choose some one of the standard 
sizes. The factors which determine what the standard sizes shall be 
are many. The sizes must, of course, be such as are best adapted to the 
kind of drawings ordinarily produced; the use made of the drawing 
must be considered; the different ^zes should bear such a relation to 
each other as to utilize space economically in a filing cabinet. Fig. 130 
(Plate Vm) shows a series of five sizes based on the 8§" X ri" sheet 
as a unit. That is, every sheet is some multiple of the 8^" X 11" sheet. 
It will be noticed that the short dimension of No. 2 is the long dimension 
of No. I while the long dimension of No. 2 is twice the short dimension 
of No. I. A similar relation exists between No. 3 and No. 2 and No. 4 
and No. 3. No. 5, while still a multiple of No. i, departs from the above 
relation. A similar relation of the various sizes is employed in many 
drafting rooms; in others there seems to be no definite relation, the 
various sizes apparently being selected without regard to each other. 

Border Lines. Ordinarily a border line is drawn near the edge of 
the sheet allowing a narrow margin, say j" to i", between the t rimmin g 
edge and the space in which the drawing is done. This, of course, is 
not an essential part of the sheet layout, but it insures keeping all lines 
and figures a certain distance from the edge where they would be liable 
to injury in handling the drawing. The general appearance of the draw- 
ing is also improved. 

Titles. Every sheet bears a title. For any given standard sheet 
the title would always be in the same place and the space occupied by 
it would always be of the same dimensions. The size and location might 
differ, however, for different sizes of sheets. Here, again, the matter of 
convenience in filing and using the drawing is the principal determining 
factor. Any statement as to what ordinarily does, or should, go into 
the title must be very general as there seems to be very little uniformity 
among the different drafting rooms. 

The following items with the comments made in connectioQ with 
them will serve to give an idea of common practice in this matter of 
what the title contains : i, — Name of Machine; 2, — Kind of Drawing, 
whether " General " or " Detail," Pattern-makers, Shop, etc. Item 3 
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is sometimes given, but frequently omitted. 3, — If the sheet contains 
a detail of one piece of the machine the name of the piece is often stated. 
If the sheet contains details of some or all of the pieces composing a 
certain part of the machine, the name of the part may be given. 4, — The 
name of the firm making the drawing is almost always included and some- 
times the name of the parties for whom the machine is to be built. 5 , — 
The date and draftsman's signature, with perhaps the signature of the 
officials who approve the drawing, are embodied. 

In addition to the above items there are frequently given certain 
data such as job number, etc. Another item, sometimes contained 
in the title and sometimes in a note outside the title space, is a list of 
" Reference Drawings," that is, a list giving the numbers of other draw- 
ings of the machine to which reference might be necessary when using 
the drawing in question. 

Grouping of Pieces on Sheet. The various ways of grouping the 
drawings of different pieces on the sheets may be roughly classified 
as follows : 

I. Draw on the same sheets parts which fit together, regardless of 
material and method of manufacture, putting as many pieces on a sheet 
as can conveniently be done. 

3. Draw on the same sheets parts which are made of the same 
material or which are s imila r in method of manufacture. With this 
system, each large piece would probably be on a sheet by itself. As 
many small pieces as convenient would be drawn on the same sheet 
provided they were similar pieces and belonged to the same general 
part of the whole machine. For example, suppose detail drawings are 
being made of the parts composing the carriage of a lathe. The saddle 
casting would be drawn on a sheet by itself, as would the apron casting. 
All the smaller cast parts would be grouped on one or more sheets, several 
on the same sheet. The gears would be grouped in like manner, using 
as many sheets as necessary. The remaining parts, which would be 
chiefly turned steel, such as short shafts, studs, special screws, etc., 
would be grouped. 

3. The third method is to draw only one piece on a sheet, using the 
larger azes of sheet for the larger pieces ^d the smaller sizes for the 
small pieces. This system is of advantage where the same piece is 
used in different machines. For instance, suppose a certain shop manu- 
factures engine lathes. There would be many parts which would be 
oimmon to several styles of lathe. The drafting room might find it 
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convenient to have each piece drawn on a sheet by itself, and the draw- 
ing filed in such a way that it could be readily found without reference to 
any machine. 

Assembled Details. It frequently happens that a piece can be more 
intelligently coiLstructed if the drawing shows it in its proper position 
relative to the pieces with which it fits. In such cases the drawing may 
be what is sometimes called a dimensioned assembly. It would not 



Fig. 131. 

be an assembly of the whole machine but a drawing of some group of 
parts in thar proper relative positions with the necessary number of 
views so that the exact form of each piece may be understood and all 
dimensions given. This is not a very common practice but there are 
some companies who follow this custom in their drafting rooms. It is to 
be considered as a special kind of drawing, however, and is not to be 
recommended for ordinary use. There are cases where this seems to 
be a desirable way to show parts. For example, if several pieces are per- 
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manently attached to each other so as to fonn a unit and in reality act 
as one piece, being made separate merely for constructive reasons, they 
may well be drawn together. An example of this is shown in Fig, 131. 
There the two levers and shaft connecting them really form one rocker 
made in three separate pieces. 

Arrangement of Views. It is well to adopt some standard arrange- 
ment of views on the sheet. A common method is to place the principal 
elevation right side up, near the bottom of the sheet (unless a bottom 
view is needed), the plan above the principal elevation and the side eleva- 
tions beside the principal elevation. In this way the side elevations 
will also be right side up and not lying down on their sides as they would 
be if placed beside the plan. Additional views, special sections, etc., 
may be placed where most convenient, marking them so that there can 
be no possible misunderstanding. 

In this connection see the discussion with regard to relation of views 
in Chapter I. 

Closely Related Pieces. Frequently it is very desirable for the work- 
man to know not only the shape and dimensions of the particular piece 
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which he is making, but also its relation to certain other parts of the 
machine. This has been suggested above under Assembled Details, 
but there are many cases where it is not desirable to make as complete 
a drawing as there described. For example. Fig. 132 is a drawing of a 
cam shaft for a gas engine. The man making the shaft may need to 
know the position of the various pieces which go on that shaft as, for 
example, the cams and gears. It is not worth while to give him a com- 
plete drawing of the shaft with the cams and gears shown on it in detail. 
The information which he needs may be given by outlining, either 
in dotted lines or some special style of lines, the several pieces. These 
would be put in in £ne lines or with red ink so that they would show but 
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dimly on a blue print, leaving the outline of the shaft itself standing 
out prominently. 

It is not always necessary to even draw the attached pieces in out- 
line. We shall describe later a method of identifying the pieces by 
giving to each piece a number called the Piece Number. When this 
is used it is pos^ble to show which piece goes on a given place on the 
shaft by marking that portion of the shaft where the piece goes as finished 
for driving, sliding, running, or any other kind of fit for piece No. 3 say, 
3 being the number of the piece which goes on there. This may be more 
clearly understood by referring to Figs. 133 and 134. Fig. 133 is a draw- 
ing of the end of a shaft which is to be forced into the piece of which one 
view is shown in Fig. 134. The piece number for piece, Fig. 134, is 27, 
and the note in Fig. 133, " 2-inch drive for 27," indicates that the 2-inch 
portion of that shaft is to have 27 driven on to it. 



Drive for^T 
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Fio. 133. 



Fig. 134. 



Another very satisfactory way of showing how a given piece is related 
to certain other parts of the machine is shown in Fig. 135. This is not 
radically different from some already suggested except that it shows the 
portion of the frame which supports the piece in questicm. This portion 
of the frame is sometimes merely outlined so as to show on the print in 
an inconspicuous way. 

Piece ITumbers and Filing Numbers. As we have already suggested 
it is common to give a distinguishing niunber to each piece in a machine. 
The system of numbering depends upon the nature of the machine and 
the conditions which have to be met in any given drawing room. The 
first essential is simplicity and clearness. 

On Plates Xni to XVm inclusive are the complete detail drawings 
of a universal chuck and on Plate XIX an assembly drawing, in three 
views, of the same chuck. Further mention will be made of these but 
mention is made of them here for the purpose of calling attention to the 
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faect numbers. It will be noUced that underneath the principal view 
of each piece is placed a number enclosed in a drcle. This is the num- 
ber for that piece. See, for example, sheet 2. In the title as part of the 
filing number for the diawii^ is the machine munber 13 M 1 . In reality. 




M>.4f<SJV Tap^ pin 




Fig. I3S- 



then, the number for the piece drawn on that sheet is piece No. i of 
machine 13 M 1 but since tbe machine number is given in the title it is 
only necessary to give the sub-number with the piece itsdf. Where it 
is the custom to draw only one paece on a sheet the piece niunber may 
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also be the filing number for the drawing. Whatever the system of 
piece niunbeiing there must be some good system of "filing, numbering, 
and catalo^g the drawings so that the drawing of any piece can be 
quickly foimd, or the drawing identified from the piece. 

lists of Parts. It is convenient to have in connection with the set 
of drawings of any machine a list of all the parts composing the machine. 
This may be a complete Ust on one sheet of all the parts in the whole 
machine or there may be a list of the parts composing each group in 
the machine with the drawings of that group. Suppose, for example, that 
we are considering the drawings of a lathe. The head stock may be 
considered as one group and a part list made for the pieces in that group. 
The feed mechanism may be considered as another group and a second 
part hst may cover that group, and so on throughout the machine. 

Alterations. It is absolutely essential that there be some system of 
recording all alterations made on drawings or on the pieces themselves. 
No alteration should be allowed in the shop on a machine part without 
first having had a record made of it on the drawing of that part. Most 
drafting rooms have rigid rules regarding this matter. Some make 
the rule that imder no drcumstances shall a blue print for shop use be 
marked up, changed, or added to. All changes, additions, or eliminations 
must be permanently recorded on the drawing under proper sub-numbers, 
or new tracings made and new prints issued. If the alteration is made 
on an old tracing, a record is usually placed on the tracing and dated. 
If a new tracing is made the old tracing would be retained in the file 
and marked " Superseded " in some conspicuous place. The new 
tracing would bear a statement to the effect that it supersedes another 
tracing and give the number of the tracing which it supersedes. In some 
drafting rooms, the alterations on a tracing are made by erasing the 
changed parts, particularly dimensions, and inserting the new ones. 
Ja other drafting rooms the changed dimensions are not erased, but have 
one or two ink lines drawn through them. The new dimension has placed 
near or beside it a letter enclosed in a heavy circle. This letter is then 
put in a place on the drawing set aside for the purpose, dated and signed. 
The first change was lettered Z, the second change Y, etc. This system 
has the advantage of retaining on the drawing a complete record of all 
the changes made on the piece as well as the date of each chai^. 
Changes in the whole drawing are taken care of in a similar way. 

Scales. Drawings must be kq)t of a size convenient to handle and it 
is therefore necessary to represent pieces smaller than actual size. The 
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ratio of a distance on the drawing to tlie actual measurement on a piece 
is called the scale of the drawing. Another perhaps more accurate defi- 
nition of the scale is the distance which the draftsman uses to represent 
a distance of one foot. For example, if a casting is 6 feet long and the 
draftsman wants to represent it so that the length on his drawing shall 
be i8 inches, then we would say that the scale of the drawing is one- 
quarter size, or that the piece is drawn to a scale of 3 inches to the foot. 
In making a drawing at a reduced scale it is not necessary to calculate 
the distances which are to be measured out on the drawing. Drafts- 
mens' " scales " or rules are for sale which are graduated for all the 
reduced scales ordinarily used. For example, the ordinary triangular 
boxwood scale has six edges in all and each one of these has one or more 
different graduations so that it is possible to read off directly the re- 
quired dimensions for any of the scales commonly used. 

There are two series of scales in use: one being 6", 3", i|", f ', |", 
■^5", j^u" to the foot; the other, 4", 2", i", ^", \", I" to the foot. 
Of these the 6", 3", i^" are most common on machine drawings, the 4", 
2", and i" are sometimes used, the others rarely. The I" and |" scales 
are very common for building plans. 

Lettering. The appearance of a drawing is much affected by the 
quality of lettering done on it. The lettering should be plain, clear, 
neat, and business-like. All letters should be made free-hand, each line 
of a given letter bemg made with a single stroke of the pen except 
possibly in the case of some of the large letters and figures in titles and 
drawing numbers where the lines may be strengthened up by going 
over them a second time. Any attempt at mechanically constructed 
letters or fancy lettering of any kind is entirely out of place in machine 
drawing. Students and others frequently attempt to excuse their poor 
lettering by the remark that they never could letter well and it is useless 
to try. Such an excuse is childish. To be sure, the ability to make 
perfectly formed letters rapidly and without effort is not natural to 
every one, but anyone with ordinary intelligence and skill of hand can 
train himself without great effort to letter a drawing so that it will be 
plain and neat looking. No one but an expert should attempt to do any 
lettering without first drawing guide lines to regulate the height of the 
letters. These can be drawn very rapidly with T square or triangles. 
Then it is a simple matter to print the letters so that the general effect 
is satisfactory. 

Hie kind of pen used for lettering depends upon the size of the letters. 



Letttcirs and Figurcs 
Large CopsiABCDEFGHUKLM 
NOPQRSTUVWX YZ 613: 
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Drawing Numbers : 13 M Z 1 4K 15 
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For large caintals, such as would be used for titles, a fairly coarse ball 
pointed pen is desirable. For the smaller capitals a fine ball point may 
be used if preferred. For the lower case letters such as would be used 
for ordinary notes and for small dimoisions a common pen, medium 
fine, with a good smooth point is best. 

Plate IX shows several styles of letters and figures which fairly 
represent the kind and size of lettering used on machine drawings. 
The various drawings throughout the bocdc illustrate the way these 
letters are applied although there the size may not be up to standard 
because of the reduction in reproducing. It will be noticed that both 
inclined and vertical letters are shown. The chcdce between the two 
is largely one of personal preference. 

There are a number of books published which are devoted to the sub- 
ject of lettering and which give specific instructions regarding the for- 
mation of the individual letters and figures. 

Lines. Attention has already been called to the use of different kinds 
of lines for different purposes. Fig. 136 shows a standard set of lines 

UNC3 ' 

FitU Line - 



Doffed Line 

Shads Line ^^_^^.._ 

Center Lihe 

Dimension Line . 

Witness or Extenaion Line _ 
Trace of Section Plane 



Fig. 136. 

of about the wdght desirable for ordinary drawings. Practice differs 
in the use of some of the lines while in the use of others it is quite general. 
Sometimes the center lines are made a dash and two dots, sometimes 
a ixntinuous fine line. Extension lines and dimension lines are also 
frequently made continuous. There are arguments, of course, in favor 
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of all such variations, but the lines as shown in Fig. 136 seem to the 
authors, on the whole, most desirable for general use. 

Shade Lines. Certain lines of the outline of a piece are sometimes 
drawn heavier than the others, such lines being known as shade lines. 
The supposition is that these shade lines cause the parts of the object 
to stand out more dearly and facilitate the reading of the drawing. 
While this may be true to a certain extent, yet the trouble involved is 
considerable and the majority of drafting rooms have discontinued the 
use of shade lines except in special cases. 

The general theory tmderlying the use of shade lines is that a ray 
of light comes over the draftsman's left shoulder and lights the t(^, 
front, and left-hand faces of the object. The shade lines then are the 
lines which separate the light surfaces from the unlighted ones. With 
this theory as a basis the shade lines are put on in a conventional way, 
the rule being to shade those lines which represent lower or right-hand 
edges of material if these edges are sharp. The contour lines of cylinders, 
cones, and other rounded surfaces are not usually made shade lines 
although in some places they are. If the cyhndrical or other surface 
is drawn in cross-section, however, the contour is shaded as the inter- 
section of the cutting plane with the surface gives a sharp edge. 

Each view is shaded as if it were an elevation, the light being assumed 
to come over the draftsman's left shoulder at such an angle that its 
projection on the drawing paper is in the direction of the arrow in Fig. 
137, Plate X. 

Figs. 137 to 143 are examples of the use of shade lines. 

Line Shading. Very often a complicated drawing, particularly aa 
assembly drawing, may be made much clearer by shading some of the 
rounded parts by means of parallel lines of varying weight and spacing 
to give the appearance of curvature. This is called " line shading." 
If this practice is followed to any great extent it will consume a great 
deal of time. A judicious use of line shading, however, is often very 
advantageous. 

Figs. 144 to 150, Plate XI, show examples of line shading. 

The Pencil Drawing. The pencil drawing is the temporary drawing 
from which the permanent drawing is to be made. It is, therefore, to 
be made with this end in mind. A good pencil drawing is one from which 
a good Ink drawing or tracing can be easily made. In general, the pencil 
drawing should have everything on it that is to be on the ink drawing 
and should be so clear that one who knows nothing about the piece 
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which is being drawn could make a correct ink drawing from it. Enough 
care and time should be put into making the pencil drawing to insure 
that this can be done, ^id no more. That is, the draftsman should not 
fuss over the pencil drawing and waste time trying to make a dean, 
pretty-looking drawing. On the other hand, if lines are to be dotted 
lines they should be shown as such on the finished pendl drawing; 
the point where every line stops should be perfectly well defined although 
the line itself may run past; dimension lines and dimensions should be 
put in where they are to be on the £nal drawing; guide lines should 
be drawn for all lettering and the lettering put in althou^ this may 
be done rapidly. 

Plate XII is a r^roduction of the pencil drawing for Plate XVni 
and shows the amount of care and degree of finish necessary for such 
a drawing. 

The above practice should be followed closely by one who is learning 
to make drawings or by any one who is making a pencil drawing which 
some one else is to ink. An experienced draftsman, however, will make 
many exceptions if he is to do his own inking or if the inking is to be 
done by some one who thoroughly understands the work. He is likely 
to make any short cut which will reduce the total time on the drawing 
provided nothing is sacrificed on the quality of the final drawing. A 
satisfactory method of procedure in making a pencil drawing is as fol- 
lows: — 

ist. Decide what views are to be shown and how they are to be located 
on the drawing relatively to each other. 

2nd. Select the scale to be used. In doing this it must be borne 
in mind that the piece must be drawn large enough to show all details 
clearly and to give plenty of room for putting in dimensions. On the 
other hand it must be drawn small enough to be put on a standard size 
dieet. 

3rd. Select the size sheet best suited to that particular drawing, 
allowing ample room for space between views, for dim^sions, notes, 
title, etc. 

4th. Flan the placing of the views on the sheet so that they shall 
have the proper relative positions and proper amount of space. The 
draftsman should have a mental picture or else a rough sketch of the 
vrkoie ^eet before he starts drawing. 

5th. Draw tonporary trimming and border lines and line in the title 
space. 
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6th. Draw the main center lines and traces of main surfaces for all 
the principal views. It may be desirable to record certain main dimen- 
sions at the same time. 

7th. With these main center lines and traces as base lines begin 
to build up the general outline of the piece, carrying all the principal 
views along simultaneously. 

8th. Gradually work from the main outlines down to the. more 
important details and from these to the smaller details still carrying 
all the principal views along together and at the same time making 
such auxiliary views and sections as appear necessary to make the various 
details clear. Here again it may be advantageous to temporarily put 
on certain dimensions as they are decided upon. 

9th. Go over the drawing carefully clearing up all points which may 
be uncertain, &dng up dotted lines and strengthening up lines as neces- 
sary to make all outlines and details plain. 

loth. Put on all extension lines, dimension lines and arrow-heads and 
insert all dimensions, notes, finish marks, etc. 

nth. Check over all dimensions and see that the drawing is complete. 

In the arrangement of a sheet in machine drawing it should always 
be remembered that th£ utility of the drawing is the first essential and 
other things are secondary to that. If the utility is enhanced by a 
certain arrangement of views on the sheet that arrangement should be 
adopted even if the so-called balance of the sheet is sacrificed. 

A pencil drawing should be accurate, with a fine but fairly strong line 
which can be easUy seen through tracing cloth. If the drawing is to be 
traced it may be made on any one of the various kinds of drawing paper, 
but if the inking is to be done directly ou the original paper this must 
be some thin translucent but strong paper such as a good quality bond. 

The Ink Drawing. The ink drawing is the permanent drawing which 
is filed and used for making blue prints or other reproductions. The 
prints are the copies which are sent out for use and often a print of each 
drawing is filed for office or drafting room reference so that no handling 
of the drawing itself is permitted exc^t when prints are being made from 
it. As has already been suggested, it is the custom in some drafting 
offices to make all permanent drawings on tracing cloth; that is, after 
the pencil drawing on paper is completed to spread a sheet of tracing 
cloth over it and trace the drawing in ink on the cloth. In'otfaer places 
the pencil drawing is made oq some material which is translucent, such 
as bond paper, and inked directly on that. 
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The general operation of inking is practically the same whether on 
tracing cloth or paper. A good method of procedure is to select a portion 
of the drawing which can probably be finished at one sitting and start 
work on that, putting in circles and arcs of circles first, then tht straight 
lines which connect with the arcs, thus filling in the outline of the piece 
first and later putting in crosshatching, center lines, extension lines, 
dimension lines, arrow-heads, dimensions, and notes in the order named. 
Some draftsmen prefer to ink the center Knes first- 
General Example. Plates XIII to XVIII are reproductions of the 
tracings of a complete set of details of a universal chuck and illustrate 
most of the p<Hnts to be considered in the matter of arrangement of 
pieces and views, manner of representation, dimensioning and describing, 
piece numbering, title, drawing number, etc. Of course the system 
here used is only one and there might be a good many others just as 
satisfactory. This example is merely intended to show in a systematic 
way the application of the principles and methods which have been 
discussed in detail in the foregoing pages. 

It will be noticed that on Sheet i a complete list of all the parts is 
given with the piece number of each and the number of the drawing on 
which it is shown. If the piece is standard it is not drawn but simply 
described in the list and the piece number for the piece with which it is 
used is given. The large number in the lower right-hand comer of the 
title ^ace is the drawing number for that sheet. For example, the draw- 
ing number for sheet 3 is 13 M 1-3 where 13 Ml is the machine number 
and is common to all the drawings of that machine while 3 is the special 
number of that individual sheet of the set. For convenience in the titie 
the 13 M 1 is put on one line and the rest of the number below it. Other 
details of the titie and of the drawings as a whole will be evident from a 
careful inspection. 

Plate XIX is an assembly drawing of the chuck and will be discussed 
in Chapter VI. 
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CHAPTER VI 
GENERAL DRAWINGS 

A General Drawing of a machine may be either one of the following: 

1. Assembly Drawing, which is a complete drawing of the machine 
with all parts in position. 

2. Outline Drawing, which is a sort of orthographic picture of the 
outside of the machine. 

3. Design Dramng — that is, a " sketchy" assembly, accurately 
made but not at all complete. Drawings of this sort are made in the 
process of designing, 

4. DiagramnuUic Drawing: used to surest ideas, also accurately 
drawn, to investigate the action of certain parts. 

5. Layout Drawings: such as layouts for foundations, drives, piping, 
wiring, etc. 

This classification is only a broad one and there is not always a sharp 
line of distinction between the different kinds. In fact the same drawing 
may often fulfil several purposes. In the present chapter we will discuss 
the Assembly and Outline Drawings. Design Drawings jmd various 
Diagrammatic Drawings will be considered in later chapters. The 
discussion of Layout Drawings is not properly within the scope of the 
present book. The order in which we discuss the several kinds does not 
necessarily indicate anything with regard to their relative importaiice 
or the order in which they would be made in practice. This order is 
chosen because the student is more likely to come in contact with the 
Assembly Drawing before he does the other general drawings and the 
Outline and Design Drawings are in a sense modifications of the Assembly. 
In practice the Design Drawing would be made first, the Detail Draw- 
ings worked up from the Design Drawing, and the Assembly ather 
built up by filling in the details on the Design Drawing or by redrawing 
completely from the Details. 

Assembly Drawings. On Plate XIX is a complete assembly drawing 
of the universal chuck already referred to. In this instance three views 
were necessary to show all parts and make the construction clear. la 
the middle is a vertical section through the axis. This may for conven- 
ience be regarded as the principal view and it so happened that it was 
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possible to diow every piece, or at least one of every set of pieces in this 
section either in full or dotted lines. At the left there is rqjresented 
in full lines all that would be visible when looking at the left end of the 
piece and in addition some of the internal parts are dotted. The view at 
the right shows in full lines all parts which would be visible when looking 
from that side and in dotted lines such of the internal parts as do not 
appear in the left view. The purpose has been to show every piece in at 
least two of the views. It would have been possible to dot, in the left 
view, all parts which are shown in the right view and thus omit the 
right view entirely. The resulting drawing would have been so com- 
plicated, however, that it would have been difficult to understand; 
consequently it was better to make the views from both ends. Only 
those invisible lines are dotted which help to make clear how the parts . 
fit together while dotted lines which would merely show the detail of con- 
struction of the individual pieces are omitted. The figures enclosed 
in circles are the piece numbers of the pieces which the pointers indicate. 
These are, of course, the piece numbers which are given with the various 
pieces on the detail drawings. 

This is a typical assembly drawing of a small piece of apparatus. In 
the case of a larger machine, with other complicated details not easily 
shown in two or three views, a number of other views or partial views 
and sections would very likely be needed. It might then be a wise 
plan to title the different views so that their relation to each other could be 
easily understood. 

Order of Procedure. The order of procedure in making an assembly 
drawing depends upon the nature of the work. We will assume that 
we are to make an assembly of a machine of which all the detail drawings 
are at hand and briefly suggest the successive steps in the process. 

The first step is, of course, to decide what views are to be made and 
how they should be placed. Then by a rough calculation the outside 
dimensions of each view should be determined. Knowing the size of 
sheet to be used for the drawing the scale can now be decided upon. 
After these preliminary matters are settled the important steps in the 
actual work of drawing may well be taken up in the following order: 

I . Establish main center lines and traces of important finished surfaces 
for all views. These lines should be located accurately and distances 
apart checked by calculation wherever possible. They will serve as 
base Unes from which to lay off measurements, and should be lettered 
temporarily so as to be quickly identified. 
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2. Draw the principal moving parts, starting with center lines, 
then outlining the pieces. In this connection, as well as all through the 
work it is extremely important that all views be carried along together, 
and that all measurements be checked by calculation. 

3. Draw those portions of the supports to which the moving parts 
are directly attached. 

4. Make any partial views or auxiliary sections that may have been 
found necessary to make things clear. 

5. Work in the less important details and go over the whole drawing 
carefully to check completeness and correctness. 

While the above will serve as a guide for the general order of pro- 
cedure in making an assembly drawing, the nature of the machine will 



have much to do with the exact way of carrying it out. The draftsman 
should, when starting on the work, plan ahead so that he may know 
from the beginning pretty definitely what is to be done. In this way 
he can make each step serve the ones which are to follow and so work 
far more efficiently than is possible if he starts in hit or miss, doing 
whatever suggests itself first. 
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A very common tendency is to draw too many of the lesser details 
before putting in the more important pieces. The result of this often 
is that many of them have to be drawn over because changes are found 
necessary when the main pieces are drawn. The aim should always 
be to draw first those pieces on which the most depends and changes 
in which would cause changes in many other places. 

Outline Drawings. An Outline Drawing, as has already been stated, 
consists of a view or views of the outside of the machine, drawn in ortho- 
graphic projections, but really serving as a picture of the machine. Such 
drawings are usually made at a small scale and are used to ^ve a 
general idea of the appearance of the machine and the space required 
by it. A few main dimensions are given. 

As a rule the Outline Drawing furnishes data for making the Layout 
Drawings of the foimdation, drive, etc. Fig. 151 is an example of an Out- 
line Drawing. 



CHAPTER Vn 

DESIGN DRAWINGS 

The work of designing a machine may be separated into three main 
divisions: 

1. Detennining the mechanisms and the arrangement necessary to 
accomplish the end desired. 

2. Determining the materials, proportions and construction of the 
various parts in order that they may be strong enough to bear the stresses 
which must come upon them and be practical both to manufacture and 
to use. 

3. Making the drawings. 

In an actual design all three of these branches of the work should be 
carried along together. The idea for the mechanisms and their grouping 
into a machine is partly woited out by means of preliminary rough 
sketches, after which a few preliminary calculations may be made for 
main dimensions. Then the general design drawing is started. As this 
proceeds the mechanisms are worked out more in detail and the orig- 
inal ideas modified where necessary. At the same time the proper 
dimensions and forms of parts are worked out by calculation, or by 
reference to handbooks or other sources of information regarding good 
practice along the line of work in question, or else determined by the 
draftsman's own knowledge and judgment. 

It is not the province of a book on drawing to deal with the invention 
of mechanisms or the calculation of the strengths of parts except as 
reference to those sides of the question may be necessary in the dis- 
cussion of the drawing itself. It is our purpose in the present chapter 
to assume that we have at hand all data concerning the important 
dimensions of some definite machine and to discuss somewhat in detail 
the process of making the " General " Design Drawings. We will 
assume that we are to make the Design Drawings of a small single- 
cylinder two-cycle gas en^e and that all dimensions are known except 
such as are determined directly on the drawing. 

Plates XX to XXm contain the Design Drawings for the engine in 

question. On Plates XX and XXI are the plan and the two elevations 
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while the location of the ports (in the elevations) is determined by the 
position of the piston at the time the ports are to open or close. 

It is not necessary to cany the discussion further as the foregoing 
will serve to suggest the method of handling such a problem and the 
remainder of the drawing is completed by working along the same lines. 

One important point to be considered in the design of any machine, 
and one which must be determined on the drawing itself, is the avoiding 
of interference of the various parts. In this connection the need of 
working on all views at the same time is particularly evident. 

The above is not intended in any way to be taken as a discussion of 
the method of designing a gas engine. We have merely attempted to 
show the way in which the drawing is made use of in the process of 
designing a machine. The same principles would apply whatever the 
machine. 

In the finished Design Drawings, Plates XXII and XXIII, it will be 
noticed that the designer has drawn all the parts which are of sufficient 
importance for him to design personally and the drawing may now be 
passed on to a " detail man " to make the Detail Drawings, taking all 
dimensions possible from the Design Drawing and working up the rest 
of the details himself under the general direction of the designer. As the 
various details are worked up they may be drawn in on the Design 
Drawing as a check, the resulting drawing being a complete Assembly, 
or the Design Drawing may be preserved as it is and an Assembly made 
after the Detail Drawings are completed or while the work on the Detail 
Drawings is being done. 



CHAPTER Vm 
DU6RAMMATIC DRAWINGS 

At the be^mung of Chapter VI we spoke of Diagrammatic Draw- 
ings as one of the classes into which General Drawings may be divided. 
The Diagrammatic Drawings themselves may be divided roughly into 
two groups. I. Drawing which is merely intended to show the princi- 
ple of operation of some mechanism or to suggest some idea. Drawings 
of this sort are similar to the diagrammatic sketches shown In Chapter 
IV. 2. Drawings which are made with accuracy for the purpose of 
obtaining certain information. The sketches in Figs. 125 and 126 if 
drawn to scale would serve as illustrations of diagrammatic drawings of 
the first group. If Fig. 126 were drawn with great accuracy and used 
as a drawing on which to determine the velocity of the tool slide at 
various points in the stroke it would illustrate the second kind of dia- 
grammatical drawings. 

No detailed discussion of the first kind seems necessary. The present 
chapter will be devoted to a consideration of the application of diagram- 
matic drawings of the second group to the solution of a few elementary 
problems in connection with machinery, such as determining the relative 
location of pulleys for belt drives; finding the position of holes for a 
belt which passes through a floor or partition; designing of cams; 
investigating and representing by curves the velocity of a slider driven 
by a crank and connecting rod, and similar problems. 

Drawings for a belt drive may serve both as diagrammatic drawings 
on which the draftsman determines the relative location of pulleys, 
position of belt holes, and the like, and also as layout drawings for 
setting up the drive. As a rule, however, the layout drawing would be 
made at a smaller scale and show surroundings, location of bearings, etc. 

Quarter-Turn Belt Fig. 15a is a reproduction of the diagram for a 
simple quarter turn belt drive to run in one direction only. The data 
with which the draftsman b^ins is sufficient to determine the location of 
the shafts, their direction of rotation and sizes of pulleys and belt. His 
problem consists of determining and showing how the pulleys must be 
placed relative to each other and how the belt shall pass over the pulleys 
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94 WORKING DRAWINGS OF MACHINERY 

in order to fulfil the required conditions. Also, if the bdt must pass 
through the floor, to determine and show the location of the holes in 
the floor. The relative location of pulleys depends upon the law of 
belting that a belt must always be deUvered into the plane of the pulley 
toward which it is nmning. To make the drawing we first locate the 
center line of each shaft in both elevations and put on arrows to indicate 
the directions of rotation. Start with either pulley, say the upper one, 
and draw the pitch line in that view where the pulley shows as a. circle, 
also draw the circumference of the pulley itself. Locate the lower 
pufley by drawing the line XY tangent to the pitch line of the upper 
puUey on the delivering side. The point where XY intersects the center 
line of the lower shaft will be the center of the lower pulley, which wfll 
appear in this view as a rectangle. Next draw the other elevation of 
the lower pulley, which will be a circle, and locate the rectangle repre- 
senting the second view of the upper pulley by drawing ST tangent to 
the pitch circle of the lower pulley on the delivering side. TTie plan 
view may be placed above either elevation, and is constructed from the 
elevations by the ordinary methods of projection. 

The above construction takes into account the thickness of the belt 
in locating the pulleys, that is, the locations are worked out from the 
pitch lines. Practically, this is often neglected and locations made 
directly from the pulley surfaces. In drawing the belt itself it is cus- 
tomary to represent the edges by straight lines although they are in 
reality curves. The belt is also represented as coming o£E the pulley 
abruptly at the point where its pitch line is tangent to the pitch line of 
the puUey. The twist of the belt is shown by drawing the three visible 
comers. 

The center lines of the belt holes may best be located by finding 
the projection in plan of the points where the pitch line of the belt 
pierces the upper surface of the floor, calling these the center points of 
the two holes, and calculating the angle which the center line of the hole 
makes with the axis of one of the shafts. This is done by dividing the 
angle through which the belt twists in passing from one pulley to the 
other into parts bearing the same ratio to each other as the distances 
into which the floor divides the distance between the pulley. For 
example, in Fig. 153 the belt twists approximately 90° in a distance of 
s'-6". The floor is 24" above the lower shaft so that when the belt 

has reached the top of the floor it has twisted through -fx 00° or about 

06 
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33°. The belt holes are practically parallel and make an angje of 33° 
with the lower shaft or 57° with the upper shaft. The holes are 
dimensioned by ^ving the location of the center point, the angle whidi 
the long axis makes with one of the shafts (the one from which measure- 
ments could most easily be made in setting up) and the size of the holes. 
The drawing as a whole is dimensioned by giving all dimensions which 
are found by means of it and most of those used in making it. 

Reversible Quarter-Turn With Two Guide Pulleys. Fig. r53 shows 
the diagram for a reversible drive connecting two shafts at right an^es 
with each other, two guide pulleys being used. The data is the same as 
for Fig. 152 and in addition it is assumed that the usual direction of 
rotation is as shown by the arrows, that the upper pulley is the driver 
and that, the "tight" side of the belt runs direct between driver and 
driven pulley. The diameters of the guide pulleys are also known as 
well as the distances of their respective shafts from the main shafts. 
The shafts for the guide pulleys are assumed to be horizontal. The 
problem consists in finding and showing the relative location of all the 
pulleys, and the angle which the guide pulley shafts make with the other 
shafts; also the way the belt passes around the pulleys. The steps 
are similar to those in the previous case. First the center lines of the 
shaft are located in the two elevations, then each of the main pulleys is 
drawn in the view where it shows as a circle, then located in the other 
view so as to receive the belt properly. Next the main pulleys are 
drawn in plan and the guide pulleys located in plan so as to receive and 
deliver properly. The drawing of the pulleys is completed by project- 
ing the guide pulleys down into the two elevations. The belt is next 
drawn m the three views and all necessary dimensions given. 

If the belt were to pass through a floor the location of the holes would 
be found in a manner similar to that explained for Fig. 152. 

The two examples given above will serve to suggest the use of diagram- 
matic drawing in the solution of problems on belt driving. The same 
general method would be used in handling any one of the many types 
of belt drives. 

Plate Gam. In the design of a plate cam a diagrammatic construction 
would first be made to obtain the cam outline accurately; then the 
drawing would be complete as a drawing for the pattern maker and for 
finishing the cam. If the cam outline is to be finished accurately as, 
for example, in the case of a master cam which is to be used as a guide 
for the tool in finishing other cams, then a very accurate diagram of the 
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cam outline is sometimes constructed on suitable material and cut out 
to form a template for finishing the cam. Fig. 154 is the diagram for 
a plate cam and Fig. 155 the detail drawing for the same cam. It is 
not our purpose to explain in detail the methods for laying out a cam 
as it is assumed that the reader is famiUar with them. The object here, 
as in the other examples which we have discussed throughout this book, 
is to show the manner of handling the drawing itself. TTie cam shown 
in Fig. 154 is to act on a roller whose center is to rise from A tx> B with 
harmonic motion while the cam makes f of a revolution, then fall with 
harmonic motion during the remaining | of a revolution of the cam. 
The drawing is started by drawii^ the horizontal and vertical center 
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lines through the point selected as the center of the cam. The two 
extreme positions of the center of the follower are next located and the 
path which the center travels between these points (in this case a straight 
line) is drawn. Then CA is drawn and from CA an ai^e f X 360° or 
225° is laid back, getting the line CE. The cam curve is now plotted 
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by the usual method. Some of the construction lines are shown in 
Fig. 154. 

Cylindiical Cam. Still another illustratioa of the a>mbination of 
diagrammatic work and detail drawing is shown in Fig. 156. This is 
the complete design of a cylindrical cam. In the process of making 
the projection drawing of the cam groove it is necessary to first make a 
development of the cylinder, design the groove on the development, 
then transfer it to the projection view. 

Velocity Diagrams. Fig. 157 is a diagrammatic drawing of a linkage. 
Such a drawing as this is made to investigate the relative velocities of 
the various parts of a linkage and to represent the results of such inves- 
tigations by curves. 
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Reference was made in Chapter I to certain kinds of drawii^ which 
ge. were spoken of as one-view representations. The purpose of these 

of drawings is to present to the eye a picture of the object so that a con- 

es- ception of its form may be obtained at a glance. "Pictorial" drawings 

of this sort are of value for suggesting the appearance of the object to 

persons who have not the time to study out an ordinary drawing or 

one not familiar with the principles of projection. 
Some of the pictorial representations are illustrated on Plate I and 

it is our purpose in this chapter to explain briedy the method of making 

the drawings. 

Mechanical Perspective 
The first case to be considered is Perspective. Only the simplest 
possible treatment will be given to the subject here, and no attempt 
will be made to suggest any of the short-cut methods which would be 
employed by one who uses perspective drawing frequently. Further- 
more, most of the fundamental principles will be merely stated without 
attempt to demonstrate them. In short, the aim is to give in concise 
form enough information concerning the subject to enable the engineer 
to express ideas by a perspective drawing or sketch when the occasion 
arises. 
If we consider an object in space as, for example, a card M with the 
I rectangle abed drawn on it, Fig. 158, and the eye of the observer at E, 

I then every point on the rectangle which is visible to the observer is. 

thus visible because a ray of light passes from it to the eye. Point a 
is visible by means of the ray a£, h by the ray hE, etc. Thea. as far as 
the appearance of point a is concerned it might be anywhere along the 
line a£, point b might be anywhere along the line hE, and so on. Con- 
sequently, if another card P is interposed anywhere between E and the 
ordinal card, points a'b'c' and d' located on that card where the lines 
aE, bE, cE and dE respectively intersect the card P and the lines a'b\ 
4V, c'd 'and d'a' drawn, then the figure a'b'dd' would appear exactly the 
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same to tiie eye at £ as did the original figure abed. In a sdmilar way 
in Fig. 159 if a plane P is interposed between the solid M and the ^e E 
and lines are drawn on this plane joining the points where the rays 
from the various comers of M pierce the plane P the resulting drawing 
will have the same appearance to the eye as does the solid itself. 

Briefly then, Perspective Drawing consists in drawing on a plane 
called the Picture Plane, which is assumed to be interposed between 
the eye and an object, the lines of the object as they appear to the eye. 
The resulting drawing, when looked at with the eye In the same relative 
position that it occupied when the drawing was made, will have the same 
appearance as did the object itself. 

The free-hand artist makes his perspective sketch by looking at the 
object and drawing at once on paper the parts as they look. The me- 
chanical draftsman makes his perspective by representing the object 
and the eye by orthographic projection on coordinate planes, assuming 
one of the planes to be the picture plane, drawing liues representing 
rays of light from points on the object to the eye, finding where these 
rays pierce that coordinate plane which is assumed to be the picture 
plane, and by joining points thus found, obtaining a perspective repre- 
sentation of the object. The problem is thus one purely of projections. 

It is customary to assume the vertical plane as the picture plane, and 
the object to be located with one comer in the picttu:e plane. Fur- 
thermore, the eye is supposed to be in the horizontal plane, which is 
spoken of as the Horizon Plane. The eye is assumed at a distance from 
the picture plane about equal to the distance one would be most likely 
to hold the drawing when looking at it. For drawings such as would 
be put on a book page 10 or 12 inches would be a fair average distance. 
For larger drawings the eye should be assumed farther away. In the 
illustrations which accompany this text the eye is placed nearer the 
picture plane to bring all the construction lines within the limits of 
the p^e. 

In order to bring out the principles of the work clearly we will first 
choose a rectangular parallelopiped and constmct its perspective strictly 
as a problem in orthographic projections. From this we will point out 
certain facts or "phenomena" which always exists in perspective work. 
Wth these facts in mind we will next construct the same perspective 
'new by the usual and more ^mple method. The picture plane and the 
horizon plane respectively are the vertical and horizontal planes of 
projection. 
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In Fig. i6o the parallelopiped is shown by its two projections a*&*c*d* 
and a''b'c'd''k'm''n's'' while the eye is represented by the point E called 
the Station Point shown by its projection £* and E'. The solid is 
behind the picture plane, the edge (Js is in the picture plane and the top 
surface ij inches below the horizon plane. £ is in the horizon plane 
2^ inches in front of the picture plane. The problem consists in drawing 
lines to E from each one of the eight comers of the solid (representing 
these lines by their projections of course), and finding the vertical pro- 
jection of the point where each liae pierces the vertical plane (that is 
the picture plane). The figure obtained by joining the points thus 
found is the perspective view of the solid when seen from the point E. 
In Fig. i6o the construction is shown for the point c only. The con- 
struction for all the other points is exactly similar. £*£* and E'c^ are 
the two projections of the line from c to E. The two projections of the 
point where line Ec pierces the vertical (picture plane) are Ci* and Ci" 
then Ci" is the perspective of point c. 

Vanishing Point. It is apparent from observation of objects in 
nature that parallel lines appear to converge as they recede from the 
eye and to meet at infinity. This point of apparent meeting is called 
the vanishing point. Similarly, since the perspective drawing repre- 
sents the object as it appears, from some definite point of view, par- 
allel lines which recede from the picture plane should converge when 
represented on the picture plane. The point toward which they con- 
verge is the perspective of the point toward which the actual lines of 
the object appear to converge. In Fig. i6o the lines o^fi* and (f'C* meet 
at infinity, therefore the line joining £* to the meeting point of these 
two lines is a line through £* parallel to 0*6* and the point K* where 
this line cuts the line HP is the perspective of the vanishing point of 
ab and dc and of any other line parallel to these two. In other words 
all lines which are parallel to ab converge on the perspective drawing, 
to meet at V^. Similarly all lines parallel to da converge to the point F'. 

By working out the methods just suggested the following will be 
found true. 

1. The perspective of the vanishing point of any system of parallel 
lines can be found and the perspectives of all these lines will converge 
toward that point. 

2. The perspective of the vanishing point of any system of lines 
'which are parallel to the horizon plane lies in the intersection of the 
horizon plane with the [acture plane (that is in the line BP) on a line 
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through the horizontal projectioa of the station point parallel to the 
horizontal projections of the set of lines in question. The perspective 
of the vanishing point of any system of parallel lines making an oblique 
angle 'with the horizon plane will be found by passing a line through the 
station point parallel to the set of lines in question and finding the point 
where this line pierces the picture plane. 

Examples. The foregoing may be regarded as a general discussion of 
the principles which are the foundation of perspective drawing. We 
will now take up a few examples using the vanishing points as aids to 
making the drawing instead of carrying through the longer method as 
explained for Fig. 160. Fig. 161 shows the construction for the solid 
which was used in Fig, 160. The steps are as follows. First draw the 
plan and elevation of the solid and the station point. Since the edge ds 
lies in the picture plane the vertical projection of ds is also its perspec- 
tive. From £* draw lines parallel to dV and d*o* respectively, meeting 
HP at V and V. These are the perspectives of the vanishing points 
of the two sj^tems of horizontal lines. From d' draw lines to F* and F' 
and from s" do the same. From c* draw to £* meeting HP at Ci*. 
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From Ci* draw a line perpendicular to HP thus finding points c" and «'. 
A si m ilar construction gives k" and a". A line from c' to V' meeting a 
line from a" to V^ at l^ completes the drawing. As a check on the work 
b' should be vertically under bt,'; found by joining 6* and £*. Attention 
should be called to the fact that all heights must be measured on a line 
which lies in the picture plane. In Fig. 161 the only line which fulfils 
this condition is ds. 
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Fig. 163 shows the method for the piece represented in Fig. 162. It 
mil be noticed in Fig. 161 that the elevation was used only to obtain 
he^ts. Hence a straight ade elevation woiild have served just as 
well and it might have been drawB off at one side instead of directly 
under the horizontal projection. In Fig. 163 these modifications of the 
method of Fig. 161 are used to simplify the work and to avoid confusing 
the figure. Very little explanation of Fig. 163 seems necessary. The 
method consists in enclosing the solid in a parallelepiped (as shown by 
the fine lines) finding the perspective of this as explained for Fig. 161, 
then finding the perspective of the smaller parallelopiped which rqire- 
sents the piece cut out to form the actual piece which we are drawing. 

Another example is shown in Figs. 164 and 165. Fig. 164 is the 
orthographic drawing of a piece and Fig. 165 shows the construction 




Fig. 164. 

for its perspective. Here again the object is supposed to be enclosed 
in a parallelopiped whose perspective is first drawn then cut away by 
finding the perspective of the ends of the line a&. As a check on the 
work it mi^t be stated that the perspective of the vanishing point of 
da and ci is on a vertical through F'. 

Fig. 166 shows the construction for the perspective of a cube with a 
cylindrical hole through it. This is fairly representative of the method 
of finding the perspective of any circle or any irregular outline. Points 
are chosen at random around the drcumference, the projection of each 
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of these points is found on the plan and the height of each point above 
the bottom is located on the measuring line ds. Tlirough the points 
thus found on is lines are drawn to the vanishing point and the per~ 
spective of the pomts are found on these lines by projecting from the 
plan view in the usual way. The construction for 
one point k is shown completely and all other points 
are found in the same way. 

Parallel PerspectiTe. In the preceding cases it has 
been assumed that the principal faces of the object 
make an angle with the picture plane. It is some- 
times convenient to make a perspective drawing rep- 
resenting the object with one set of lines parallel to 
■-1 the picture plane. The station point is often assumed 
\ directly in front of the center of the object. One 
common application of this method is in representing 
the system of piping in a building where the side 
wall of the building is broken away and the drawing 
shows the interior in parallel perspective. (See Fig. 
1 68.) 

Fig. 167 shows the method of making a parallel 
perspective of a simple piece. The principle is the 
same as in the former cases but since one system of 
horizontal lines is parallel to the picture plane there 
is only one vanishing point. 

The perspective of the vanishing point of the set 
of lines which is perpendicular to the jMcture plane 
coincides with the vertical projection of the station 
point. 

Isometric Drawing 
We have seen that in perspective drawing all lines 
are foreshortened except those that lie in the picture 
plane. Of the several methods which have been devised to combine the 
pictorial eflfect of perspective with the possibility of measuring directly 
on the drawing, the most common is Isometric. Briefly stated, Iso- 
metric Drawing consists in imagining the object enveloped In a cube 
and the cube tipped until one diagonal is a horizontal line perpendicular 
to the vertical plane of projection. This brings three faces of the cube 
into such a position that they are visible and all edges are foreshortened 
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by equal amounts. That is, all edges project as lines of equal length. 
Fig. 169 shows a cube in this position. 

The edges ad and ac make angles of 30° with the horizontal while 
the edge ab is a. vertical line. These three lines are caUed the Isometric 
Axes. Any line on the object which is parallel to one of these lines 
will appear parallel to it on the isometric view and will be foreshortened 
by the same amount as the edges ad, ac and ah. It is customary to 
disregard the foreshortening and to draw true length all lines which 
are parallel to the isometric axes. All distances not parallel to one 
of the isometric aies must be laid out by means of coordinates along 
lines parallel to the isometric axes. 

Example. Fig. 171 is an isometric drawing of the block shown in 
orthographic in Fig. 170. To draw this isometric view we proceed as 
follows: — Start with the comer a, draw the lines ab and ac making 
30^ angles with the horizontal and draw the vertical line ad. Make the 
length of each of these lines equal to its true length on the real object. 
Through d draw de and df parallel to ac and ab respectively, giving each 
its true length. Draw a vertical line through c. Through e draw par- 
allel to ab and through / draw parallel to ac meeting the line through e 
at «. Draw verticals through n and /, measure up the true length fg 
and through g draw gh and gm, parallel to oft and ac respectively. The 
point ft is on a vertical through b, bh being the true length. The draw- 
ing is completed by drawing kk and mk parallel to ac and ab respectively. 

Cirdes. Fig. 172 is the isometric view of a piece similar to that in 
Fig. 171 except that the part which projects at the top is cylindrical 
instead of square. The piece is first drawn exactly as if it were 
the same as Fig. 171, then points on the isometric of the circle are 
found by coordinates parallel to the isometric axes. A separate dia- 
gram must be made for finding the coordinates of the points on the 
curve. 

The same method is used to construct the isometric view of any curve 
either regular or irregular. 

It may be observed that the isometric of a circle is an ellipse whose 
axes coincide with the isometric portions of the diagonals of the square 
which encloses the circle. This ellipse may be drawn approximately 
by either of the constructions shown in Fig. 173 where the parallelogram 
is the isometric of the square enclosing the circle. 

Fig. 174 Is the isometric drawing of a piece of irregular shape. The 
construction is evident from the figure. 
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Fig. 173. 



Fig. 174. 



Oblique Projection 
The basis of Oblique Projection is the assumption that one face of 
the object lies in the plane of projection and other lines are projected 
onto this plane by projection lines making an angle of 45° with the pro- 




jection plane. Since the legs of a 45* X 90° triangle are equal all lines 
which are perpendicular to the plane of projection, as well as lines parallel 
to the plane of projection will be projected in their true length. Fig. 175 
is an oblique projection of a small casting. Horizontal lines parallel 



MECHANICAL nCTORIAL DRAWING II7 

to the plane of projection are made horizontal on the drawing; lines 
parallel to the plane hut not horizontal show the true angle with the 
horizontal and true length; lines perpendicular to the plane of projec- 
tion may be drawn at any angle, usually 30°, with the horizontal. 
Other lines, curves, etc., not parallel to the plane of projection must 
be constructed by coordinates in a similar way to that suggested for 
isometric. The object should be so located that its longer axis is parallel 
to the plane of projection to avoid distortion imless there are more 
irregular outlines in planes parallel to the shorter ans. It is desirable 
to have irr^ular surfaces parallel to the plane of projection so that 
they wUl show in true size and shape. 

Cabinet Drawing 

Tlie Cabinet Drawing is the same as Oblique Projection en:ept that 
lines perpoidicular to the plane of projection are drawn half their true 
length to reduce distortion. lines perperLdicular to the plane of pro- 
jection are usually drawn at 45° with the horizontal instead of 30° as 
in the Oblique Projection. 
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While there is as yet no fixecf standards the follonv/ng 
forms are in common use. 
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1* 


tl 




9 


■A 


■H 


(i 




■1 


■1! 


II 


tl 


St'd rough. 


I 


8 


if 


■1 


H 


I 


■ A 


■ 11 


tl 


tl 




i) 


7 


■H 


■A 


H 


i^ 


■1 


-A 


■ft 


■ft 




■' 


7 




=A 




■' 


■11 


"' 


■ft 


■ft 






TABLE a 

U.S. OR 3BLLER-9 ST'D BOLT HEADS AND NUTS 

SvMrt—Ckamfrtfl tud CapHi 



,aJ 


!;o; 










B««h. 




U. S. Sfd rough bolt 


t 












heads and nuts have 
these proportions: — 




P 


c 


H 


w 














F'iD+V 


i 


3a 


i 


il 


i 




H-^ ■ 


A 


i8 


H' 


H 


H 


A 




1 


i6 


H 


« 


1) 




N-D 


A 
1 
A 

1 


'4 
13 


ii 

I 
H 

■A 
■i 


■A 
li 
■1 
■1 
■H 


il 
A 
ii 

H 

1 


A 

A 




i 


9 


■A 


»A 


H 






I) 

■i 


8 

7 
7 


iH 


■A 




;' 





=4' 


o 




TABLE 3 

MANUFACTURERS- ST'D BOLT HEADS 
Wm. H. HukeU Uf«. Co. 



i*SS"°' 


T.|ibolU..qum. 

heuatm And oa*di 

■cnw heads. 


T«h«d«. 


Sqnan coualenlc 
andimiad 


Roimdboad. 




Width and tbldcaca. 


Length, ^th. and 


Width aadheicht. 


Width and thlck- 


i 

A 

t 
A 
1 
A 
1 
i 
i 

i} 


AX A 
1 X i 
1 X A 

Hxll 
«x» 
fix A 

■ X ! 
lAX i 
.( X 1 

■ AX « 

■ »x, 

■ H X .A 
>i x^ft 
.1 x,i 


ixi XA 

IXAXi 
ixi XA 
iXAXi 

1 xi XA 

■iXAXi 

.1X1 Xi! 
■ixl XI 

■IXI Xi 

2 XI xi 


i XA 
i!XA 

»XA 
ilxi 
I Xi 
lixA 
■AX A 
■1 XH 
■ AXM 
■1 XA 


ilxA 
I XA 
ilxi 

■ X* 

■ AXii 
lAXi 
■1 XA 
■1 Xi 
1 xi 
Ji XI 


■t 














it 

















The heads of Coach Screws 



d Tap BolU will be made of sa 



TABLE 4 

UANnPACTUREI^: ST'D NUTS 

BaCfim «■( Stuart 

Wm-H-Hu^enHlE-Co. 





Rough- 


PiDUhsd. 


bolt. 


Rough. 


FinJBhed. 




Width. 


Thiofa™. 


Width. 


ThickDW. 


Width. 


ThidOMM. 


Width. 


Thicknai. 


A 


1 

1 
I 

I 

li 
■) 

'i 

li 
>i 

■1 

>t 
■1 


i 

A 

t 
A 
i 
i 
A 
A 
» 
i 
1 
J 
1 
i 
i 
i 


i 

« 

H 
H 

i 


1 

A 

1 

A 
! 


i 

i 

i 

■J 
■i 

■i 

li 


>» 
■» 
.1 
<i 
>1 
.1 

''I 

'i 
■1 

3 

li 
3t 
3) 
3l 


i 
'l 

>t 
■1 
■t 

li 

.! 

■1 

■I 

"1 


■A 


I 






A 






li 


■ 








>A 

.1 
»A 

>i 

3) 




* 


tl 
■A 


A 
i 


■1 
.1 


















■1 


! 


<i 





































TABLE s 

HEX. CHECK AND JAU NUTS 
Wm. H. HuIkU Mfg. Co. 



a 


Width. 


TWdm™. 


& 


Width. 


™.h,.«. 


Di>. 
htdt. 


Width. 


Thkkmss. 


i 


i 


A 




>i 




li 


4 


1 


A 


« 


A 




.* 




it 


■ft 


H 


i 


» 


1 




if 




.1 


>1 




* 


H 


i 




iH 




•i 


■H 


.ft 


t 


1 


i 




a 




1 


3» 


.i 


f 


■A 


ft 




■ft 


« 

















TABLE 6 

CAP SCRSWa 



a 










< 


-F-# 






t 


* 


r 


i 


t 
1 



SD KD 



U3J IH} 



t ^ 



m 



In all cases H — Diameter of screw, — Heads are U. S, Standard. On Hex. and 
Square T = 1 L when L is under 4", - over 4" T - i L 

On Fillister T = J L. — L varies by 4ths o( an inch. On Drawings make R — 2 D, 
radius of point — D 



Dis. 


HuiiKm. 


S,^. 


aiSK. 


•> 


' 


c 


L 


' 


c 


' 


E 


L 
















A 


ito.J 
It0 3 


A" 














i 


A 


i 


it0 3 


* 


if 


it0 3 


i 


A 


) 


li 


itoj 


A 


1 


it03 


A 


il0 3l 


i 


ft 


1) 


it03 


* 


It 


it03 


ft 


ilosi 


i. 


{ 


il 


f to4 


ft 


H 


it0 4 


1 


ii-si 


i 


i 


t 


it04 


1 


« 


it04 


1 


il04 


A 


M 


H 


I t04 


» 


)l 


I to 4 


H 


1 t0 4i 


1 


i 


.* 


I t0 4l 


i 


■A 


I t0 4l 


t 


■|to4i 


i 


1 


■ * 


.it0 4! 


I 


.il 


.it<.4i 


I 


.*t0 4i 


i 


.J 


.« 


iJtoS 


i» 


■« 


litos 


il 


If tos 


1 


li 


>A 


■llos 


.1 


.11 


iltos 


>t 


a tos 




















il 


■i 


■« 


3 tOS 


.J 


. tos 













Flat ComtUrsunk 






J 



TABLE 7 
CAP SCRBVS 

OboI Cottnlersuttk 




Threads are U. S, Standard. Angle of head commonly 7"'- On drawings n 
R - i Diameter of screw, K - i E, P - Diameter. 





C'mok. 


Btrtton. 


Dia. 


Cmok. 


B«^ 




E 


L 


E 


i 


£ 


i 


E 


t 


i 
A 
i 
A 


I 
I 

1 

I 


Ito.l 

lt0 3 


i 

A 

A 
A 


llo.l 

fto>i 
itoji 


A 

i 

A 
1 

t 


u 

1 


I 103 
litoj 
ijtos 
,it03 
1 t03 


I 
« 

■i 


Itoj 
I t03 

iit0 3 

.Itoj 
ilt0 3 



TABLE 8 

SBT 3CRBWB 




Sound Flal Banker Cone 
Pivot Pivot 



3 D, Threads are V. S. 



TABLE 9 

STANDARD MACHINB SCREWS 



% 3=1 1 



■iijj 



3 









nathBKl. 


Round htsd. 




FiUin 


Tlwad. 




Dia. 
A 


Thnadtver 


















inch. 
























B 


C 


^ 


•^ 


^ 


^ 





G 


3 


0842 


64-S6-48 


1631 


04S4 


.IS44 


.067a 


■I3SO 


.OS49 


.0136 


.0675 


3 


op73 


56-48 


1894 


0530 


.1786 


.0746 


.156. 


■0634 


.0146 




0880 


4 


iios 


40-36-31 


=1S8 


0605 


.2028 


.0820 


.1772 


.0730 


.0166 




0886 


S 


l»36 


40-36-31 




06S1 


.12?o 


.0894 


.1984 


,0806 






0993 


6 


1368 


36-32-30 


2684 


07s 7 


.2512 


.0968 


■2195 


.0892 


.0205 




1097 


7 


1500 


32-30 


2947 


0832 


■I7S4 


.1042 


.2406 


.0978 


.0225 




1203 


3 


1631 


36-32-30 


3210 


090S 


.2996 


.in6 


.1617 


.1063 


-034S 




.308 


9 


1763 


32-30-24 


3474 


0984 


.3^38 


.1190 




.1149 


.0265 




1414 




.894 


32-30-24 


3737 


lOSQ 


.3480 


.1264 


.3040 


■133S 


.028s 




1520 




3 158 


24-20 


4263 




■3922 


.1412 


.3462 


.1407 


.0324 




1731 


14 


2421 


24-20-18 


4790 


I362 


.4364 


.1360 


.3884 


-1578 


.0364 




1942 


i6 


2684 


20-18-16 


5316 


IS'3 


.4806 


.1708 


■4307 


-i?So 


.0403 




2IS3 


iS 


*a47 


ao-i8-i6 


5842 


166s 


.5348 


.1856 


.4729 


.JQH 


-0443 




2364- 




3210 


18-16 


6368 


1816 


-S690 


.2004 


.5152 


,2093 


.0483 




2576 




3474 


18-16 


689s 


1967 


.6106 


.2152 


.5574 


.2267 


.0520 




2787 


34 


3737 


18-16-14 


7431 




.65" 


.2300 


■ SQ96 


.2436 


.0562 




3998 


36 


4000 


16-14 


7421 


'967 


.693S 


.2448 


.6419 


.2608 


.0601 




3209 


38 


4163 


.6-14 


7948 


2118 


■7354 


.2596 


.6841 


.2779 


.064. 




3420 


3° 


4S»6 


16-14 


8474 


2270 


■7770 


■»744 


.7264 


.295' 


.0681 


:3632 



TABLE lo 
sjlS. screws and nuts 

Pjom CUcaio Stm Comtan 



ff-|Nom.Dit H - I Nom. Dte. K- 




{Bom. dia.). 


Tluwda 
pa inch. 


' 


» 


K 


^ 


w 


H 


u 


V 


SS: 


i 


38 


A 


iJi 


A 


A 


A 


A 


A 


A 


A 


A 


34 


» 


1! 


il 


A 


A 


U 


ft 


A 


A 


1 


34 


A 


il 


U 


1 


i 


A 


i 


A 


A 


A 


lO 


1 


I 


!i 


i 


i 


« 


i 


A 


A 


i 


M 


1 


A 


A 


A 


i 


1 


i 


A 


A 


A 


iS 


J 


H 


« 


A 


A 


ii 


i 


A 




1 


i8 


H 


11 


II 


1 


A' 


U 


i 


A 




« 


i6 




1! 


t! 


I 


A 


li 


i 


A 




I 


16 


■A 


11 


H 


1 


A 


A 


i 


A 




1 


14 


li 


1! 


i! 


1 


A 


11 


i 


A 






U 


■A 


i 




i 


A 


i 


I 


A 




li 




i| 


H 


.A 


A 


b 


ii 


A 


A 


H 


■1 


13 


■U 


lA 


li 


A 


A 


H 


A 


A 


« 


.1 


13 


3 


.H 


.H 


) 


i 


■ A 


i 


A 


M 


I) 


" 


'A 


<A 


.1 


1 


1 


Ii 


I 


A 


H 




h^H 



TABLE II 
C.8. BTANDARO SCREW THREADS 



S-2 r"|p (nearly) 



Dk. 


ThiMd* 


Dik 


ThCMd* 


IHl 


TbHd* 


EH*. 


ThfMii* 






watw. 


rain. 


""-"' 


PB'Ill. 


*^*"' 


pa Id. 


"""■ 








1 


90 


i 


10 


it 


6 




3* 




a» 


A 


I8 


H 


10 


l» 


S* 


3i 


si 


^i 


at 


1 


i6 


I 


9 


li 


5 


3* 


3i 


Hi 


»t 


A 


14 


H 




ll 


S 


.1* 


3 


^i 


>l 


i 


13 






a 


4i 


4 


3 


6 


»* 


A 
1 




it 




3l 


4} 


4I 


*i 








It 




a* 




4t 


'i 






}) 




i| 




»1 


4 


4l 


3| 













TABLE 13 
WHITnOSTH OR BNOUSH ST'O 8CRRW TBRBAD8 



h-PM 



A-f-MP 
S-MP r-.tnP 







DU. 


Thnwlt 


Dbu. 


Thnkdi 


DiB. 




Dla. 








J 









■crew. 




""■ 




i 


30 


t 


„ 




8 


l| 






3» 


A 


18 


H 


II 




■ 7 


'i 


4l 


1* 


1» 




16 


1 


TO 




7 




4) 


3* 


.1* 


A 


U 


« 


lO 




6 


»i 


4 


3i 


3 


J 


13 


I 


9 




6 


3» 


4 


4 




A 


13 


« 


9 




S 


3l 


3l 











TABLE 13 
ACUB THREADS 



J^+^ 



Tfanul*. 


s 


r 


K 


s 


S 


TlmBdi. 


B 


T 


K 


S 


N 


16 


048 


013 


018 


.039 


044 


I* 


an 


.23* 


.3»6 


393 


■399 


10 


060 


037 


e.3» 


.063 


068 


xt 


343 


.»47 


.14a 


419 


.435 


9 


066 


041 


036 


.070 


07s 


»A 


354 


-»S5 


.350 


433 


.438 


8 


073 


046 


041 


.079 


084 


I* 


38s 


.378 


■373 


473 


■477 


7 


081 


053 


048 


.090 


09s 


lA 


4-6 


.3or 


.396 


S" 


.516 


6 


093 


oas 


057 


.105 


no 


'* 


448 


.334 


■319 


551 


■SS6 


Si 


104 


070 


064 


.118 


IJ3 


'A 


479 


.348 


■343 


590 


■S9S 


s 


no 


074 


070 


.116 


>3> 


I 


Sio 


■371 


.366 


629 


-635 


4l 


lai 


o8i 


077 


■140 


I4S 


H 


54' 


-394 


.389 


669 


■67(» 


4 


>3S 


093 


08S 


-'57 


163 


1 


S73 


-417 


.413 


708 


■7"3 


3l 


«S3 


io6 


lOI 


.180 


18s 


H 


604 


.440 


■435 


747 


-7S3 


3i 


166 


116 


III 


.197 


K>3 


t 


63s 


.463 


■458 


787 


.793 


3 


177 


IJ4 


118 




*IS 


H 


666 


.487 


.48< 


816 


831 


'i 


19S 


130 


134 


.236 


341 


A 


698 


-510 


.505 


86s 


.870 


4 


3IO 


148 


'43 


.351 


3S7 


if 


739 


■S33 


.538 


905 


.910 


af 


»*o 


t63 


tS7 


■ a7S 


18a 


} 


760 


■556 


■55t 


944 


■949 


9 


»6o 


tSs 


180 


■ 31s 


3» 


A 


8»3 


.603 


■ 597 ■ 


033 


.038 


li 


991 


TOO 


»3 


■ 354 


359 


* 


88s 


.649 


.644 I 


lOI 


.106 














A 

* > 


948 


-69s 
■741 


.690 I 

■ 736 . 


180 


■ i8s 
.364 














3S9 


















SQI}AR£ THSXADS 

Threads per inch may be about 1 cf the U. S. Standard 
OD both Acme and Square. 



TABLE 14 
PUNCHED WASHERS 



(0 



Bolt. 


s 


w 


Tliidmo*. 


Bolt. 


H 


W 


niicksw. 


Gui^ 


InchH. 


0.^ 


Inoh^ 


A 

I 
A 
1 

A 
1 
A 

i 
1 


i 

A 

A 
i 
A 
1 
H 
11 
11 
■A 


A 
1 
I 

4 
•1 

li 
■1 

"1 
.1 


': 


A 
A 
A 

A 
A 
A 

A 
1 
A 
» 






>1 

3 
3l 
3) 
3i 
4 
4> 
4l 
4l 
5 


8 
8 

5 

4 


H 

U 
A 
ft 
ft 
ft 
ft 
ft 
A 
H 















TABLE IS 

SPLIT COTTER PINS 

St ilioS^£. Baiti mi Null 



@ 



■»^Ungth 



Dia. gauge 

Dia. apprcaimate. . 

Drill size 

Lengths 



ft 



TABLE i6 

TAPER PINS 
Pnu It WUHkj SUHda 



J 




> 








Taper i" per foot. 








MOOOO 

.07IS 

A 

1 


.092 
A 

1 


0000 

.loS 

1 


000 

-13S 
i 

1 


147 

ft 


.156 


-172 
« 
.1 






' 




ft 








3 
.S19 

A 


4 

i 


5 


6 
■341 

a 

3i 


7 

■409 

« 

3l 


8 
.492 
1 
4i 


9 
■59^ 

u 

si 






.706 
I! 

6 









TABLE 17 

JARNO TAPBKS 



Taper 1 in 30 ■• .6 " per foot = .05" per inch. 
Taper + 10. C = No. ol Taper -^ a. 



- No. of Taper + 8. B = No. rf 



No. 


A 


B 


c 


No. 


A 


B 


c 


No. 


X 


B 


C 


a 


.ajo 


30 


, 


9 


I.I2S 


.90 


4} 


16 


1.006 


1.60 


8 


3 


■37S 


30 




10 


i.JSO 


1. 00 


s 


17 


3.125 


1.70 


8* 


4 


■500 


40 


i 


II 


I -373 


1. 10 


s4 


18 


a.iSo 


I.fk> 




5 




Su 




la 


i.soo 


I.K) 


6 


19 






<i* 




■7SO 




3 


13 


1.61S 


1.30 


6* 


20 










.875 
.000 


70 
80 


3* 

4 


14 
IS 


1-75° 
1.87s 


1.40 

i.So 


7 
7i 










8 





















APPENDIX 



TABLE iS 

BROWN AND SHAAPB TAFBSS 



aft CftCf 



Taper ) "per foot except No- lo iriiich is .5161 



No. 


A 


D 


P 


No. 


A 


" 


P 


NoL 


A 


i> 


p 


I 




100 


H ; 


6 






*» 1 


10 


,,^ 


1.0446 






.399 


.2SO 


\t' 


6 


■<>i'i 


.500 


1* 




1.28.; 


I 0446 


iK 




■?»^ 




7 




.6<M 








..0446 




■395 


.312 




7 


.766 








I.S3I 


i.tjo 


;i 




.40J 


■3SO 


■i 






■75° 


.^A 




i.7<)t 






■533 


■4S« 


** ; 


9 




.900 























TABLE 19 

MORSE " TAPERS 



No. 


A 


D 


P 


No. 


A 


D 


P 


No. 


A 


D 


P 


; 


.356 
■47S 
.700 


■S7* 




3 

4 
5 


.938 
1. 131 
t.74S 


-778 
I.47S 


•s 


6 

7 


*-494 
3-»70 


1.T16 
J.7SO 


10* 













TABLE M 
yS FOR SHAPTIKO 





■1 
1 


■) 
ft 
1 


"f 


'a 

i 


>i 
A 

1 


>i 
ft 


i 


3 

i 


3l 

i 






}{ 




] 








4! 

H 

i 


s 
H 

i 


si 


6 


61 

1! 


7 

.ft 

It 


7i 
.ft 

it 










■A .A 

:i li 


■A 
i) 


Width W 













TABLE II 
KEYS FOR UACHINS TOOLS 



Dia. shaft. 


Under ■ 


I to .ft 
AXft 


■itoift 

ixi 


■ito.H 
ftXA 


■ito.ft 
AXft 


Sieeofkey 


Dia. shaft 

SiMofltey 


■Ito.H 
AX A 


■ItojJi 

HX« 


» to 5ft 

Hxil 


sitoSH 
HX« 


7 to 8(1 

.ftXiA 



136 



TABLE ai 

WHITNEY KEYS 
Waodrnf S:riltmSttua 5&a 




3/z<ss Nol to NaG 



N.. 


. 


. 


> 


. 


s 


• 


7 


8 


. 


.. 


.. 


.. 


A 


.3 


u 


o 


P 


♦ 


1 




f 


1 


f 


, 


J 


, 


I 


\ 


i 


I 


J 


, 


, 


K 


A 


ft 




A 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


A 


A 


ft 


ft 


W 


A 


« 


' 


A 


i 


ft 


* 


ft 


ft 


A 


ft 


* 


I 


ft 


ft 


t 


No. 


B 


i6 




.. 


c 


19 


„ 


•> 


D 


E 


» 


=, 


f 


n 


« 


G 


P 


, 


.» 




.> 


<1 


.! 


■i 


li 


■t 


.i 


■t 


.t 


'\ 


.1 


■♦ 


■( 


K 


iV 


ft 




ft 


ft 


ft 


ft 


ft 


ft 


ft 


A 


A 


* 


ft 


ft 


ft 


W 


ft 


ft 




I 


ft 


ft 


.A 


i 


ft 


i 


i 


A 


t 


' 


ft 


( 



TABLE 23 

WHITNEY KEYS 
Woodmg Sysltm—Lartt Saa 




No. 


.< 


.., 


lis 


139 


36 


" 


IS 


39 


Ki 


s» 


7-1 


uj 


v% 


P 
K 
L 
W 


H 
.1 
ft 


i) 
1 


)l 
■i 

ft 


n 
1 


.11 
ft 


3t 

II 
■il 
i 


1! 
■H 
ft 


.1 

li 

.i! 
• 


•1 

II 

'l 


1! 

ft 


.1 

j! 


.J 

1! 

ft 


il 


No. 


R 


5 


T 


u 


V 


30 


31 


» 


» 


» 


3S 


36 




P 
K 
L 
W 


.1 

>ft 
1 


■A 
ft 


>1 

>A 
1 


•I 

"A 
ft 


3i 

I 
"ft 

) 


3t 
H 

3l 


3i 
« 

ft 


3i 

H 
i 


3i 

H 

3l 
ft 


3* 

.1 
1 


3J 

H 
"t 
H 


3i 

H 

3l 

i 





TABLE 24 
STANDARD GAUGES IN DECnULS OP AN INCH 



"••■'-"- 


B™ing- ^ 
StuW 

IfOO 


^' n 


. S. Sfd 
'Sttdf 


m'Jrt-1. 


Co. "" 


S' 








500 

46875 

4375 

40635 

375 

34375 

3125 

28135 


300 
464 
431 
400 
372 
348 
324 
300 




























■454 
■42s 
.380 
■340 
-300 


3648 
33486 
2893 


.3830 
















I 


.337 




.384 


25763 


365635 


276 


.3633 


.319 


3 


■359 


32942 


25 


353 


.2437 




4 


.338 


20431 


234375 


233 


.2 353 


.307 


S 




18194 


21875 




.2070 


.204 


6 




16203 


203125 


192 






7 


.180 


14438 


1875 


176 




■199 


8 


.165 


13849 


171875 


160 


.1620 


■'97 




.148 


11443 


15625 


144 


.1483 


■194 




.134 


IOI89 


14061S 


128 


■ 1350 


.191 






090742 


'35 


116 


.1203 


.188 




.109 


O80S08 


1093 ?S 


104 


-1055 


-18s 


13 


.09s 


071961 


09375 


092 


-0915 


.183 


14 


.C&3 


064084 


078125 


oSo 


.0800 


.'80 


'S 


.072 


057068 


070313 


073 


.0730 


.178 


i6 


.065 


OS08J 


0625 


064 


.0625 


.175 


17 


.058 


045257 


05625 


056 


.0540 


.173 


i8 


.049 


040303 


05 


048 


■047s 


,168 


19 


.043 


03589 


0437s 


040 




.164 




.«3S 


O3I961 


0375 


036 


!o348 


.161 




.032 


038463 


034375 


033 


.0318 


.'57 




.038 


02S347 


03125 


038 


.0286 


■^SS 


'3 


.025 


032S7I 


028123 


034 


.0258 


-IS3 


'A 






03S 




.0230 


■ '51 


'S 


.020 


0179 


021875 




.0304 


.148 


36 


.018 


01594 


0.875 


018 


.0181 


.146 


a? 


.016 


01419s 




Vt^t 


.0173 


■'43 


38 


.014 


012641 


015623 




.0161 


■'39 


39 


.013 


011257 


014063 


0136 


.0150 


■134 


30 




010035 


01 35 






.137 


31 




008938 


010938 


0116 


.0133 




33 


.009 


00795 


010156 


0108 


.0118 


-115 


33 


.ooS 




00937s 




.0118 


■ tI3 


34 


.007 


006304 


008594 


0093 


.0104 




35 


■005 


005614 


007813 


0084 


■0095 


.lOS 


36 


■004 


005 


007031 






.106 


11 
39 

40 




004453 

00396s 


006641 

00625 


0068 




■ 'O3 




0060 










.099 

•097 














... 









138 



TABLE 15 
BTUBS* BTBBL WIRB OAUOB 



TABLE a6 

UORSe TWIST DRILL A STEEL WIRB OADOB 
SiaaZtoA m th> anw u Stub*'. — 8m T«bl< IS 



No. (i 


DU. 

neb.} 


No. , 


DU. 

DCh.) 


No. 


Dia. 


No. ( 


Dta. 
neh.) 


No. , 


S^., 


No. , 


inch.) 


J 


iiSo 


,j 


I9IO 


ai 


1390 


31 


iioa 


41 


0960 


SI 


0670 








1S9O 




1370 


31 


1160 


43 


0935 


s= 


'^3S 


3 


1130 


13 


1850 


as 


IS40 


33 


1130 


43 


0890 


S3 


OS9S 


4 


M90 


I* 


l8ao 


34 




34 




44 


0860 


S4 


0550 


5 


sojs 


IS 


1800 


25 


149s 


is 


1 100 


45 


0830 


ss 


osjo 


6 


J040 


t6 


■77« 


36 


1470 


36 


1065 


46 


oSio 


S6 


046s 


7 




'7 


1730 


a? 


1440 


37 


1040 


47 


0785 


57 


0*30 


8 


1990 


18 


1695 


38 


140S 


38 


lois 


48 


0760 


58 


0430 


9 


i960 


'9 


1660 


39 


1360 


39 


0995 


49 


0730 


59 


0410 




>93S 




16:0 


30 


.28s 




op8o 


5° 


0700 


60 


0400 



TABLE 37 
DBCIMAL EOflVALBHTS 







A 


ois6»S 
0312s 
04687s 
06JS 

0937s 
IO037S 

"5, 

I406ZS 

lS6as 

17187s 

187s 

X' 

33437S 

165615 

28125 

WJ687S 

312s 

318135 

34375 

359375 

37S 

3906»5 

40625 

411875 

4375 

Wi? 

48«7S 
S 






•1 






A 




II 






ft 




11 


.546875 


H 




A 








A 




It 

......... 






A 




II 






A 






i 




t 








ft 




11 






A 




il 






tt 




>l 




A 




« 




.687s 




H 




« 






A 




11 






1! 




H 




I 




1 








Ii 




1! 






A 




il 






II 




II 




A 




H 




iS?" 




11 




ti 


.818125 




ii 




« 






H 




H 




t 




1 




.87s 




1! 




H 


.8il62, 




H 




11 






1! 




II 




A 




tt 








11 




H 






U 




1) 


.96873 




11 




« 





























TABLE i8 

STANDARD WROUGHT IROK PIPE 



Taper of fhreaded ends ^ per foof. 



Nominal Si». 


i 


1 


i 


1 


I 


'i 


.* 


' 


A 


. 


3i 


4 


4t 


s 


6 


7 


8 


9 


.. 


Actual inside dia.... 
Actual outside dto... 

Th'di per inch 

Dia. at top of th'd at 

end 

I^Eth perfect th'd.. 


.36 
.39 


z 


.6a 
-84 

.81 




I. OS 
T.lS 


1.38 

ill 

1.63 


1.90 

... 

1.87 
.55 


'.I 
... 

a.M 




3. so 
8 

1.44 


8 

I.OO 


8 

I. OS 


8 


5.0s 

s.sfi 

8 


6. 07 
4.63 

... 


7.63 
1.31 


T.98 

8.63 
8 


(.00 

8 

P.Sf 
1. 57 


...„ 

10.6s 



TABLE 29 

CAST IRON FITTINGS 




Kpe. 


i 


1 


1 


1 


, 


il 


x\ 


, 


A 


3 


31 


4 


4) 


s 


6 


J 


8 


9 


.0 













— 


— 


— 


— 














— 


— 















— 


Jt 


II 


11 


11 


II 


I 


>A 


lA 


'1 


■1 


afi 


all 


'1 


»H 


3A 


3i 


4l 


5 


5A 


61 


r 


A 


1 


U 


A 


li 


I 


. 


il 


.11 


>ll 


'A 


2h 


ai 


>ii 


iU 


d1 


4A 


4ll 


5A 


B 




ift 


./. 


'I 


aA 


al 


^ 


3i 


4l 


4i 


sA 


6 


6A 


tA 


61 


91 


loi 


lal 


tA 


r 


i 


A 


1 


f. 


) 


A 


\ 


U 


il 


11 


I 


'A 


It 


u 


't 


lA 


lA 


lA 


i| 


L 


i 


A 


* 


A 


I 


\\ 


W 


1 


I 


I 


'A 


li 


li 


'1 


II 


II 


II 


ll 


II 


IT 


I* 


III 


aA 


a| 


3A 


3l 


4 


4l 


Si 


« 


7A 


8A 


8)1 


Oft 


lol 


lal 


I3l 


15 


161 


C 


A 


ft 


ti 


H 


It 


•A 


■A 


■1 


<l 


.1 


aA 


A 


aA 


»ft 


all 


31 


3A 


3l 


4A 



Acme Threads, 131. 

conventioDS for, iS. 
Alterations, 70. 
Angles, dimen^ons of, 35. 
Arrangement of views, 67. 
Assembled details, 66. 
Assembly drawing, order of procedure, 8z. 
Assembly drawings, 81. 
Axooometric drawings, i. 



Bearings, conventions for, 10. 
Belt boles, 94. 

quarter turn, gi, 

reversible quarter turn, 95, 
Boiler plate, 10. 
Bolt bead, manufacturers' standard, i 

V. S. Standard hexagon, 111. 

U. S. Standard square, 123. 
Bolts, conventions for, ig. 

dimensions of, 35. 
Border lines, 63. 
Breaking long pieces, 19. 
Brown & Sharpe tapers, 134. 

Cabinet drawings, i, 117. 
Cap screws, 126, 117. 
Cam, cylindrical, too. 

plate, 9S. 
Chain, convenUon for, ig. 
Check nuts, 125. 
Conventions, general, il. 

Cotter pins, split, 132. 
Counterbore to surface, 47, 
Crossbatching, 10, III. 
Curves, radii of, 26. 

Decimal equivalents, 139. 
Decimals, use of, 24. 
Design drawings, Sr, 85. 
Detail drawings, 61. 
Details, assembled, 66. 
Diagrammatic drawings, 81, gi. 



Diagrams, velocity, too. 
Dimensioning, general eiaiiq>1e, 1 
Diniensions, allowable variation, i 

of bdts and nuts, 35. 

of curves and fillets, 36. 

of cylindrical pieces, 25. 

decimal, 24. 

feet and inches, 33. 

of fits, 38. 

of holes, 28. 

not to scale, 24. 

on reduced scale drawing, 14. 

overall, 46. 

position of, 13. 

of pulleys and gears, 38. 

repetition of, 23. 

of screws, 28. 

of shafts, 25. 

of tapers and angles, 35. 

Elevation, 3. 

Filing numbers, 68. 
FiUets, radii of, 26. 
Finish, how to indicate, 46. 
Fittings, cast iron, 140. 
IS of, j8. 



Gauge, Morse twist drill and steel w 

Stubs' steel wire, 138, 
Gauges, plate and wire, 137. 
Gears, dimensions of, 38. 
General drawings, 8t. 
Grouping of pieces on sheet, 65. 

3'- 



locating, 32. 

not symmetrically located, 34. 
symmetrically located, 33. 
for taper pins, 38. 
Horizon plane, 103. 
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Ink dnwing, 61, 79. 
Invisible lines, 6. 

puta, 6. 
Isometric drawing, I, ti3. 

JamnuU, 125. 
Jarno tApera, 133. 

Keys foT machine toob, 135. 

for shafting, 135. 
Whitney, 136. 

Layout drawings, 81. 
Lettering, 71, 
Line shading, 74. 
Lines, dotted, 6. 

invidble, 6. 

kinds of, 73. 
List of parts, 70. 

Machine number, 80. 
Machine screws, 118. 
Material, how to indicate, 48. 
Mone tapers, 134. 

Name of part, 49. 
Notes, use of, 50. 
Number wanted, 48. 
Numbers, piece and filing, 68. 
Nuts, dieck and jam, 123. 

dimenaioning, 35. 
manufacturers' standard, 135. 
Society of Automobile Engineers, 129. 
U. S. Standard hexagon, 122. 
U. S. Standard square, 123. 

Oblique projection, i, 116. 
Orthographic projection, a. 
Outline drawings, 81, 84. 
Overall dimensions, 46. 

Parallel perspective, 112. 
Part nmnbei, 49. 
Partial sections, q. 

Parts, list of, 70. * 

Pendl drawing, 62, 74. 
Peispective drawing, i. 
mechanical, loi. 

Picture plane, 103. 



Piece numbers, fiS. 
Pieces, closely rdatcd, 67. 
Pins, split cotter, 132. 

taper, 133. 
Pipe, cast iron fittings for, 140. 

Standard wrought iron, 140. 
I^pe threads, conventions for, 18. 
Plan, 3. 

Projection, fundamental idea of, a. 
Projection planes not at right an^es, 6. 
PuDeys, dimensions of, 38. 

Related pieces, 67. 
Rope, convention for, 19. 

Scales, 70. 

Screws, dimensioning, 28. 

machine, 12S. 
cap, 126, 127. 

Society of Automobile Engineers, 119. 
Screw threads, acme, 131, 

square, 131. 

U. S. standard, 130. 

Whitworth Standard, 130. 
Section lining, 131. 
Sectioniog, boiler plate, lo. 
Sections, described, 7. 

partial, 9. 
Section through web, 20. 

turned up, 9. 
Set screws, 127. 
Shade lines, 74. 
Shading, line, 74. 
Sheet size, 62. 
SLetch, described, 55. 
Sketching, method of procedure, 58. 
Society of Automotule Engineers, soeirs 1 

nuU, 129. 
Spedal threads, iS. 
Spot face, 47. 

Springs, convention for, 18. 
Square threads, 131. 

conventions for, 18. 
Standard parts, 48. 
Station point, 104. 



Systems, drafting room, 61. 



l^per pint, 133. 
holes foT, 38. 
Tapers, Brown ft Sharpe, 134. 

dinKQsioiUiis of, 35. 

Jarno, 133. 

Motae, 134. 
Tlueads, oonventkiiis for, 11. SeealMKtew 

Tintmg, 10. 
Titles, 63- 
Tradng, 62, 79. 
Tutned-i^ MctioD, q. 

Vanishjag point, 104. 
Vdodty diagrams, too. 
Views, arTangemeat of, 67. 
connecting tbe, 11. 



^ews, elev&don, 3. 

end devaticHi, 4. 

partial, 6. 

plan, 3. 

lelative loatk» of, 5. 

secdonal, 8. 

BdectioD of, 6. 

side devation, 4. 
V-threads, canventions, la. 

Waahen, puodied, manufacturen' ttaad- 

Webs, etc, sectioa through, so. 
Whitney keys, 136. 
Wire gauges, 137, 138. 
Woodruff k^s, 136. 
Wrou^t iron pipe, 140. 



